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EP 0 475 640 B1
Description

The present invention relates to coherent optical communication techniques and, more particularly, to a polarization
switching light source, an optical receiver, and a coherent optical transmission system.

Recently, rapid progresses have been made in coherent optical communication techniques in which heterodyne
detection or homodyne detection is performed by utilizing the properties of light as a wave (e.g., T. Okoshi and K.
Kikuchi, "Coherent Optical Fiber Communications", KTK Scientific Publishers, Tokyo, 1988). In coherent optical com-
munication, a local oscillation source is prepared on the reception side to receive a beat signal resulting from interfer-
ence between signal light and local oscillation light and appearing in a photodetector. Since the spectrum purity of
signal light or local oscillation light is higher than that in a conventional direct detection system, optical frequency
division multiplexing (optical FDM) with high density can be realized. The realization of an optical FDM, in combination
with the recent remarkable advances in the optical amplifier, enables long-range nonrepeated (or multiple branch)
optical communication of a capacity much larger than that of a conventional system. Such a technique, therefore, is
expected to be applied to various types of communication systems, e.g., a broad band ISDN, a high definition optical
CATV, and a metropolitan area network (MAN).

Several problems, however, are posed in the practical application of coherent optical communication. The first
problem is associated with polarization matching; the second problem, phase noise; the third problem, the band width
of a receiver; and the fourth problem, image components which interfere with the realization of a high density optical
FDM. These problems will be sequentially described below.

(a) Problems associated with polarization matching

In general, signal light transmitted through an optical fiber varies in polarization state depending on the temperature
of the fiber, a stress acting thereon, and other disturbances. Assuming that local oscillation light is in a constant polar-
ization state, a variation in polarization state of signal light corresponds to the intensity variation of a beat signal resulting
from interference. In an extreme case, if the polarization states of signal light and local oscillation light are orthogonal,
the resulting beat output becomes zero. In order to solve this problem, the following means are proposed:

1) the use of a polarization maintaining fiber

2) mechanical or electrooptical control of polarization states
3) polarization diversity reception

4) polarization scrambling or polarization switching

o~ —

However, with regard to (1) the use of a polarization maintaining fiber, problems are posed in terms of a connection
method, cost, and the like. In addition, with regard to (2) control of polarization states in a fiber, problems are posed
in terms of a trade-off between infinite tracking properties and complexity of a controller, reliability, size, difficulty in a
multichannel optical FDM, difficulty in cold start, and the like.

For the above-described reasons, (3) polarization diversity reception is widely used (e.g., L. G. Kazovsky, "Phase-
and Polarization-Diversity Coherent Optical Techniques", Journal of Lightwave Technology, Vol. 7, No. 2, pp. 279 -
292, February 1989). In this method, two independent polarization components are separately received (multi-port
reception), and the received components are electrically synthesized. The method, however, requires a complicated
optical system for a receiver, and also requires two light receivers and two intermediate frequency (IF) circuits. In
consideration of the application of the method to a subscriber's system such as an optical CATV system, aside from a
trunk transmission system, problems are posed in terms of adjustment of an optical system, cost, and size. In addition,
in multi-port reception, the characteristics of the respective reception ports, such as transmission delay time, coupling
efficiency, and gain must be matched with each other.

In contrast to this, in (4) polarization scrambling (T. G. Hodgkinson, R. A. Harmon, and D. W. Smith, "Polarization
Insensitive Heterodyne Detection Using Polarization Scrambling", Electronics Letters, Vol. 23, No. 10, pp. 513 - 514,
May 1987) or polarization switching (I. M. |. Habbab and L. J. Cimini, Jr., "Polarization-Switching Techniques for Co-
herent Optical Communications”, Journal of Lightwave Technology, Vol. 6, No. 10, pp. 1537 - 1548, October 1988),
the polarization state of signal light or local oscillation light is changed in a time slot of one bit, and an average value
is obtained. This method has a receiving sensitivity lower than that of other methods by 3 dB and cannot be applied
to a system of a high data rate, but the receivers are much simple. Therefore the method is expected to be applied to
a subscriber's system and the like with a relatively low data rate. The following polarization scrambling (switching) light
sources have been reported:

(a) a polarization bistable semiconductor laser
(b) a polarization switch using an external modulator (in the method proposed by T. G. Hodgkinson et al.)
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(c) a polarization switch using a laser frequency switch (in the method proposed by |. M. |. Habbab et al.)

The polarization bistable semiconductor laser (a), however, cannot be suitably applied to coherent optical com-
munication because the wavelength of output light or the output power generally varies during a polarization switching
operation. The external modulator (b) is not suitable for practical applications because it has various drawbacks, e.g.,
a large insertion loss, a large driving voltage, difficulty in high-speed switching, poor temperature characteristics, poor
stability, and low reliability. In addition, the polarization switch based on laser frequency modulation (c) causes an
increase in spectrum line width, resulting in difficulty in coherent detection. Since the problems with (a) and (b) seem
to be apparent, only the problems with (c) will be described below with reference to the following examples.

In a polarization switching heterodyne receiver using a frequency switch of a local oscillation laser, an oscillation
frequency f|_ of the local oscillation laser is frequency-modulated by a rectangular wave to become f| 4 in the first half
of aone-bit time slot and f| » in the second half. A local oscillation laser output passes through a polarization maintaining
optical fiber of birefringence B = n, - n, and is mixed with signal light having a frequency fg by an optical fiber coupler.
A beat signal (IF signal) based on signal light and local oscillation light generated by a photodiode is demodulated into
a baseband signal by an IF circuit and a demodulation circuit. In this case, the main axis (x axis) of the polarization
maintaining optical fiber is inclined at 45° with respect to the polarization direction of the input local oscillation light. A
length L of the polarization maintaining optical fiber is set to be L = cy/(2BAf) (where ¢, is the velocity of light in a
vacuum and Af = f ; - f . If, for example, B = 5 X 10-4 and Af = 1 GHz, then L = 300 m.

A phase retardation A8(f) between the x- and y-axis polarization components of output light from the polarization
maintaining optical fiber is 2rLBf/cy. The difference in the phase retardation for two frequencies f; and f, is given by

AB(f,) - AB(f,) = 7 (1)

The polarization states (P4, P,) of light having a = difference in A8 are orthogonal. That is, a polarization switch for
output light is realized.

In this method, however, a frequency change occurs together with polarization switching of output light. When
differential phase shift keying (DPSK) or amplitude shift keying (ASK) is to be performed, the IF frequency can be fixed
to fig = (f4 - fo)/2 by setting fg = (f; + f5). In frequency shift keying (FSK), however, two IF frequencies appear in ac-
cordance with polarization states. In the above case, since two IF frequencies having a difference Af = 1 GHz appear,
a wide |IF band must be set to cover the two frequencies. For this reason, a frequency deviation of 2 GH or more must
be set. In addition, an automatic frequency control (AFC) circuit for stabilizing the IF frequency is inevitably complicated.

The x- and y-axis polarization components of light output from the polarization maintaining optical fiber has a
propagating time difference represented by t = LB/cy = 1/(2Af). When polarization switching is to be performed by this
method, in order to sufficiently reduce the time during which light having a frequency f; and light having a frequency
f5 overlap each other, the transmission time difference T must be set to be T << T/2, i.e., the bit rate must be set as Ry
= 1/T << A/2. In this case, Ry << 1 Gb/s. This means that a modulation index m must be set to be large in FSK. For
example, at 100 Mb/s, modulation with a frequency deviation of 2 GHz (m = 20) is required. The method described
above requires a wide IF band and causes a great deterioration in sensitivity and hence is not suitable for practical
applications.

Furthermore, since the output power of a semiconductor laser generally varies with frequency modulation, a beat
signal is unbalanced between two polarization states, and the output exhibits slight polarization dependency. Although
a laser structure and a modulation method may be designed such that frequency modulation can be performed with a
constant output, a driving circuit and an output feedback circuit become complicated.

(b) Problems associated with phase noise and receiver band width.

The drawback of the heterodyne detection scheme is that a receiver having a wide band is required because an
IF band is used. Especially in transmission at a high bit rate, the band width of a receiver is a bottleneck. In addition,
in consideration of the application of the scheme to a subscriber's system, even at a low bit rate, requirement of a wide
band for a receiver is not preferable in terms of cost.

In contrast to this, in the homodyne detection scheme which requires no IF band, no demerits are found in terms
of a receiver band width. However, the scheme is greatly influenced by phase noise from a light source. In an extreme
case, if signal light and local oscillation light have a phase difference of 90°, the reception output is zero. Although the
spectrum line width of a semiconductor laser is beginning to be decreased, it is still difficult to realize a full width half
maximum of 100 kHz or less without using, e.g., a special feedback loop or an external resonator. Such a feedback
loop or an external resonator leads to an increase in the size of a light source, an increase in the number of portions
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to be adjusted, a deterioration in stability and reliability, and an increase in cost. Even if the line width is reduced by
such a means, the phase noise cannot be reduced to zero. For this reason, an optical phase locked loop (optical PLL)
is required to match the phase of local oscillation light with that of signal light. Currently, however, such a means is
very difficult to realize.

A great deal of attention, therefore, is paid to a phase diversity reception scheme (e.g., L. G. Kazovsky, "Phase-
and Polarization-Diversity Coherent Optical Techniques", Journal of Lightwave Technology, Vol. 7, No. 2, pp. 279 -
292, February 1989) as a scheme capable of receiving signal light in the baseband without using an optical PLL. In
this method, components of a plurality of phases of signal light are independently received, and the received compo-
nents are electrically synthesized in the same manner as in polarization diversity. Similar to a polarization diversity
receiver, however, a complicated arrangement is required, and the characteristics of the respective ports must be
matched with each other. In the phase diversity reception scheme, the problem of polarization matching is also posed.
The arrangement for polarization diversity and phase diversity requires at least four optical receivers.

In order to prevent this problem, phase switching reception may be employed (I. M. |. Habbab, J. M. Kahn, and L.
J. Greenstein, "Phase-Insensitive Zero-IF Coherent Optical System Using Phase Switching”, Electronics Letters, Vol.
24, No. 15, pp. 974 - 976, June 1988). Even the phase switching scheme is not free from the problem of polarization
matching. In addition, no method of simultaneously performing phase switching and polarization switching has yet
been established.

(c) Problems associated with high density optical FDM

The number of channels which can be multiplexed by an optical FDM is determined by a usable frequency (wave-
length) band and an allowable channel interval. The frequency band is limited by the tuning range of an local oscillation
source or the band of an optical system. Although the tuning range has been increased with the advances in variable-
wavelength semiconductor lasers, it is not sufficiently wide yet. A reduction in channel interval is indispensable for the
effective use of a wavelength band. Especially in heterodyne reception, the presence of an image component in an IF
band limits a channel interval. A reception scheme (image removing receiver) for removing this image component has
been proposed. However, if this scheme is combined with polarization diversity, the resulting arrangement is very
complicated. Such an image removing receiver is disclosed in Terumi Chikama et al., "Optical Heterodyne Image
Rejection Receiver', 1989 Spring National Convention Record, the Institute of Electronics, Information and Commu-
nication Engineers of Japan, Part 4, pp. 4 - 133, 1989. According to this scheme, an optical system has a very com-
plicated arrangement, and an electrical system also has a complicated arrangement with four balanced light receivers.
The application of such a scheme to a multichannel optical CATV distribution system or an optical LAN is very difficult
in terms of, e.g., reliability and cost.

The problems in the practical application of the coherent optical communication scheme are associated with: (a)
polarization matching, (b) phase noise and a receiver band width, and (c) a high density FDM. As methods of solving
these problems, the methods based on the following means are regarded to be effective: (A) polarization diversity, (B)
phase diversity, and (C) multi-port reception using an image removing receiver and the like. However, in the method
based on multi-port reception, a complicated arrangement is required, and the characteristics of the respective ports
must be matched with each other, thus undesirably restricting allowable characteristic specifications. If two or more of
the methods (A), (B), and (C) are to be simultaneously performed, a very complicated arrangement is required. The
complication of an optical system causes an increase in the number of portions to be adjusted, a deterioration in
reliability, and a great increase in cost and hence poses a serious problem in terms of practical applications. Even in
an electronic circuit system, the complication of the arrangement of a high-frequency circuit poses a serious problem,
as in heterodyne reception.

As other methods of solving the problems (a) and (b), (D) a polarization switching (scrambling) method and (E) a
phase switching method have been proposed. In the conventional switching methods, however, a high-speed, low-
power-consumption operation is difficult to realize, and the spectrum line width is undesirably increased. Therefore,
many limitations are imposed on the application of the methods. For example, it is difficult to apply the methods to
FSK. That is, the practical value of the methods is low. In addition, the methods exhibit poor compatibility with image
removing signal reception.

EP-A-0 357 799 discloses a method of modulating a semiconductor laser in which, to eliminate adverse effects of
chirping on a semiconductor laser and to realize high-speed modulation based on direct modulation, a particularshort-
pulse current is superposed on a bias current to drive the semiconductor laser such that high-speed phase modulation
is effected to the optical output. In order to eliminate phase deviation on the output side of the light interference device
caused by self-homodyne and to obtain stable output, furthermore, an average intensity of optical output is found, a
feedback is applied to the wavelength of the input light or to the difference of optical path length of the light interference
device depending upon the average intensity of the optical output thereby to correct phase bias at the time of intensity
modulation.
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It is an object of the present invention to provide a polarization switching light source having a simple arrangement
and a small number of limitations.

Itis another object of the present invention to provide a light receiver which enables a new image rejection reception
scheme based on phase switching without complicating an optical system.

It is still another object of the present invention to provide a coherent light transmission system which has a simple
optical system, is not dependent on polarization, and is resistant to phase noise.

The gist of the present invention is that the direct phase modulation technique of a semiconductor laser is used
to enable simple, easy, low-cost coherent switching reception in terms of the problems of polarization, phase, and
image components.

According to the first aspect of the present invention, there is provided a polarization switching light source com-
prising (a) a semiconductor laser, (b) means for performing phase modulation by supplying a pulse current to the
semiconductor laser, (c¢) a dividing device for dividing output light from the semiconductor laser into two branch com-
ponents having substantially the same power, (d) a delay means for delaying one branch component with respect to
the other branch component an integer of a phase modulation period, and (e) a mixing means for mixing the two branch
components, the polarization axes thereof are set to be orthogonal at the mixing means.

According to the second aspect of the present invention, there is provided an optical receiver comprising (a) a
local oscillation source, constituted by the polarization switching light source in the first aspect, the local oscillation
source performing polarization switching upon switching of sub-time slots obtained by dividing a time slot T corre-
sponding to a one-bit signal into not less than two portions, (b) a optical receiver for receiving a beat component,
resulting from signal light and local oscillation light, as an electrical signal, (c) a detection circuit for detecting a received
signal in each sub-time slot, and (d) an adding circuit for adding detection outputs in the respective sub-time slots
within the time slot T.

According to the third aspect of the present invention, there is provided an optical receiver comprising (a) a local
oscillation source, having means for performing phase modulation by supplying a pulse current to a semiconductor
laser, the local oscillation source performing fixed phase switching between n/2 and -n/2 upon switching of phase sub-
time slots TS obtained by dividing a time slot T corresponding to a one-bit signal into not less than three portions, the
phase switching occuring in a fixed pattern which is repeated every bit time slot, (b) an optical receiving unit for receiving
a beat component, resulting from local oscillation light and signal light, as an electrical signal, (c) means for dividing a
beat output from the optical receiving unit into two output components, and delaying one output component with respect
to the other output component by a predetermined amount, (d) an electrical 90° hybrid circuit for the two output com-
ponents, and (f) a detection circuit for detecting an output from the 90° hybrid circuit.

According to the fourth aspect of the present invention, there is provided an optical receiver comprising (a) a local
oscillation source, having means for performing phase modulation by supplying a pulse current to a semiconductor
laser, the local oscillation source performing fixed phase switching between n/2 and -n/2 upon switching of phase sub-
time slots obtained by dividing a time slot T corresponding to a one-bit signal into not less than two portions, the phase
switching occuring in a fixed pattern which is repeated every bit time slot, (b) an optical receiving unit for receiving a
beat component, resulting from local oscillation light and signal light, as an electrical signal, (c) means for dividing a
beat output from the optical receiving unit into two output components, and delaying one output component with respect
to the other output component by a predetermined amount, (d) an electrical 90° hybrid circuit for the two output com-
ponents, (e) a signal path switching circuit, arranged on a stage before or after the 90° hybrid circuit, the signal path
switching circuit switching signal paths of the 90° hybrid circuit in synchronism with a phase sub-time slot, and (f) a
detector for detecting a signal passing through the 90° hybrid circuit and the signal path switching circuit.

According to the fifth aspect of the present invention, there is provided a coherent optical transmission system
comprising at least one of an optical transmitter and an optical receiver, the first optical transmitter having means for
performing phase modulation by supplying a pulse current to a semiconductor laser, and the optical transmitter per-
forming phase switching between n/2 and -n/2 upon switching of phase sub-time slots obtained by dividing a time slot
T corresponding to a one-bit signal into not less than two portions, the phase switching occuring in a fixed pattern
which is repeated every bit time slot, and the optical receiver including a local oscillation source constituted by a
polarization switching light source in which a timing of polarization switching is set to cause different polarization states
to independently appear in the same phase state in one time slot of signal light, an optical receiving unit for receiving
a beat component, resulting from light from the local oscillation source and signal light from the optical transmitter, as
an electrical signal, a detector for detecting a received signal in each sub-time slot, and means for adding detection
outputs in new phase/polarization sub-time slots, which are divided at timings of polarization switching and phase
switching and have different polarization and phase states, within a time slot T.

According to the sixth aspect of the present invention, there is provided a coherent optical transmission system
capable of performing image rejection signal reception comprising at least one of an optical transmitter and an optical
receiver, the optical transmitter having means for performing phase modulation by supplying a pulse current to a sem-
iconductor laser, and the optical transmitter performing phase switching between n/2 and -n/2 upon switching of phase
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sub-time slots obtained by dividing a time slot T corresponding to a one-bit signal into not less than three portions, the
phase switching occuring in a fixed pattern which is repeated every bit time slot, and the optical receiver including a
local oscillation source, an optical receiving unit for receiving a beat component, resulting from light from the local
oscillation source and signal light from the optical transmitter, as an electrical signal, means for dividing a beat output
from the optical receiving unit into two output components, and delaying one output component with respect to the
other output component by a predetermine amount, an electrical 90° hybrid circuit for the two output components, and
a detector for detecting an output signal from the 90° hybrid circuit.

According to the seventh aspect of the present invention, there is provided a coherent optical transmission system
capable of performing image rejection signal reception comprising at least one of an optical transmitter and an optical
receiver, the optical transmitter having means for performing phase modulation by supplying a pulse current to a sem-
iconductor laser, and the optical transmitter performing phase switching between n/2 and -n/2 upon switching of phase
sub-time slots obtained by dividing a time slot T corresponding to a one-bit signal into not less than two portions, the
phase switching occuring in a fixed pattern which is repeated every bit time slot, and the second optical receiver in-
cluding a local oscillation source, an optical receiving unit for receiving a beat component, resulting from light from the
local oscillation source and signal light from the optical transmitter, as an electrical signal, means for dividing a beat
output from the optical receiving unit into two output components, and delaying one output component with respect to
the other output component by a predetermine amount, an electrical 90° hybrid circuit for the two output components,
a signal path switching circuit, arranged on a stage before or after the 90° hybrid circuit, the signal path switching circuit
switching signal paths in synchronism with a phase sub-time slot of the optical transmitter, and a detector for detecting
a signal passing through the 90° hybrid circuit and the signal path switching circuit.

The optical receiver according to the second, third, or fourth aspect of the present invention further includes a
function for inhibiting signal detection at the instant when a frequency variation accompanying a phase variation of
local oscillation light appears in an electrical beat signal.

The optical receiver according to the second, third, or fourth aspect of the present invention further includes an
AFC function for detecting a difference between a beat frequency and a preset value thereof and controlling an oscil-
lation frequency of a local oscillator to set the beat frequency to be a predetermined value only when a frequency
variation accompanying a phase variation of local oscillation light does not appear in a beat signal.

In the optical receiver in the coherent optical transmission system according to the sixth or seventh aspect of the
present invention, the local oscillation source has a function, constituted by a polarization switching light source, for
adding detection outputs having different polarization states in one time slot.

The optical receiver in the coherent optical transmission system according to the fifth, sixth, or seventh aspect of
the present invention further includes a function for detecting a clock by detecting a pulse-like frequency variation
accompanying phase switching of the optical transmitter.

In the coherent optical transmission system according to the fifth aspect of the present invention in which the local
oscillation source is constituted by a polarization switching optical source, or the coherent optical transmission system
according to the sixth or seventh aspect of the present invention which includes a function for adding detection outputs
having different polarization states in one time slot, a pulse waveform, a pulse pattern, or a polarity is changed by
pulse-like frequency modulation for phase switching performed by the optical transmitter and pulse-like frequency
modulation for polarization switching performed by the local oscillator of the optical receiver. In addition, the optical
receiver includes a function for identifying and detecting a pulse-like frequency variation accompanying polarization
switching and a pulse-like frequency variation accompanying phase switching, and a function for controlling the timing
of polarization switching by using the detected signals.

The optical receiver in the coherent optical transmission system according to the fifth, sixth, or seventh aspect of
the present invention further includes a function for inhibiting signal detection at the instant when a frequency variation
accompanying a phase variation of signal light or local oscillation light appears in an electrical beat signal.

In this coherent optical transmission system, the optical receiver further includes an AFC function for detecting a
difference between a beat frequency and a preset value thereof and controlling the oscillation frequency of the local
oscillator to set the beat frequency to be a predetermined value only when a frequency variation accompanying a phase
variation of local oscillation light does not appear in an electrical beat signal.

In a transmission scheme for performing optical frequency multiplexing (optical FDM) transmission by utilizing the
coherent optical transmission system according to the sixth or seventh aspect of the present invention, control is per-
formed to match all the timings of phase switching of the respective optical transmitters with each other in the corre-
sponding optical receivers.

In the optical receiver according to the first aspect of the present invention, frequency modulation is performed in
a pulse-like manner with a predetermined pulse pattern having a period T by directly supplying a pulse current to the
semiconductor laser. In this case, if an angular frequency deviation at time 1 is represented by Aw(t), and a pulse is
applied in a time interval between t = t" and t = t’ + kg, then phase modulation represented by the following equation
is performed before and after the application of the pulse:
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tl
50 = jt'+ T rert)at e (2)

This semiconductor laser output light is divided into branch components A and B. The propagation time of one
branch component A is delayed with respect to the propagation time of the other branch component B by a predeter-
mined time 1. The branch components A and B are then synthesized in such a manner that their polarization states
are orthogonal. A phase retardation A8(t) = 0A(t) - 6B(t) between phases 8A(t) and 6B(t) of the branch components A
and B changes every time phase modulation based on a pulse current appears in the branch component A or B. In
this case, since a delay time difference 1 between the two branch components A and B is set to be a fraction of an
integer of a period T of phase modulation, a change with a certain pattern periodically occurs at the period T. If light
components to be synthesized have substantially the same power, since the polarization state of the synthesized output
light changes with AB(t), a polarization switching light source can be realized. If a change amount of one switching
operation with AB(t) is settobe, e.g., £ 2n=x (n is an integer), two orthogonal polarization states are switched according
to equation (1). If the system is adjusted such that the orthogonal polarization states appear at substantially the same
probability in the period T, a constant beat can be obtained from light components having arbitrary polarization states
in terms of an average time interval.

According to the second aspect of the present invention, there is provided the coherent optical receiver using the
polarization switching light source according to the first aspect as a local oscillation source. In this optical receiver, a
phase modulation pattern is set such that independent, different polarization states of local oscillation light always
appear once or more in the one-bit time slot T of a transmitted signal. Upon this phase modulation, a polarization state
is divided into two sub-time slots TS or more. If a beat component, resulting from this local oscillation light and signal
light, is received and detected in each sub-time slot, and the detection outputs in the respective subtime slots are
added (or averaged) within the time slot T, a signal output having a substantially constant magnitude can be obtained.

According to the third aspect of the present invention, there is provided the image rejection coherent optical receiver
using the semiconductor laser capable of direct phase modulation as a local oscillation source.

The local oscillation source performs phase modulation corresponding to an absolute value n/2 three times or
more in the one-bit time slot T. With this phase modulation, a time slot is divided into a plurality of sub-time slots, each
having a length Tg4. A beat component, resulting from this local oscillation light and signal light, is received in each sub-
time slot. Assume that the signal light contains a component wg; having a frequency higher than a frequency o of the
local oscillation light and a component g, having a frequency lower than the frequency . The phase of the received
beat signal is also shifted by n/2 in each sub-time slot. Assume that the beat output in the first sub-time slot is repre-
sented by

1, () = A, cos((g, - ® )t + ;)

+Aycos((0) - ogo)t + 6,)

where 6, and 6, are the phase constants based on the difference between the phase of signal light and that of local
oscillation light. The beat outputs in the second and subsequent sub-time slots are given by

(1) = A, sin((0g, - Ot +6,)

- Aysin((o - Ogy)t + 6)

I5(t) = -A, cos((0g, - L+ 6;)

- Aycos((@ - ogy)t + 6,)

1, () = -A, sin((0g, - Ot + ;)

+ Asin((o - Ogo)t + 6,)
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If five or more sub-time slots are present, the above-described four states are repeated as Ig = |, Ig = |5, ... In this
case, A; and A, are constants. The signs of the first and second terms of the right-hand side of each equation vary
depending on the magnitudes of the frequency of local oscillation light and that of signal light.
This beat output is divided into two components. One component is delayed with respect to the other component
by T4. The two components are then added together while the phase of one component is shifted by n/2. For example,

an output X, obtained by adding one branch component, which is delayed by Tg, to the other branch component whose
phase is shifted by 90° is represented by

X, (1) = A cos((0g, - ® )t + 8,)
+Aycos((0) - ogo)t + 6,)
+ A cos((ogy - o )t +0,)
- Aycos((@ - ogy)t + 6,)

=2A,cos((wgy - O )t + 8,)

As a result, only beat components represented by wg; and o (og > ®|) appear. Similarly, outputs from a port X
in the subsequent sub-time slots are represented by

X, (t) = 2Asin((0g, - ® )t + 6,)

X4(t) = -2A, cos((wg, - Ot + ;)

X, (1) = -2A, sin((0g, - @)t + 6,)

In contrast to this, if one branch signal of a light receiver output is delayed by T4 and its phase is shifted by 90°,
and the resultant signal is added to the other branch signal, then outputs Y obtained in the respective sub-time slots
are represented as follows:

Y, (1) = -A, sin((0g, - @)t +6,)
- Aysin((o - Ogy)t + 6)
+ A,sin((og, - o)t + 6,)
- Aysin((o - Ogy)t + 6)

= -2A,8iN((0 - Ot + 6,)

Y, (1) = -2A,008((® - o)t + 65)

Y4 (1) = 2A,8in((0 - Ogo)t + 0,)

Y, (1) = 2A,c08((0 - Ogo)t + 0,)

As a result, only beat components represented by wg, and o (o > wg) appear. In order to shift the phase of a signal
by 90° regardless of its frequency, a phase shift circuit constituted by a differentiating circuit or an integrating circuit
may be used. If such a circuit is to be used, it is preferable that a beat frequency be equal to or higher than the reciprocal
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of the length of a sub-time slot.
In this case, the outputs detected in the respective sub-time slots are represented as follows:

That is, signal outputs proportional to power A,2 and A,2 of the respective signals can be obtained. In the above
equations, P is a constant. Both output ports X and Y need not be arranged, but at least one of them is required.

Assume that the length of a sub-time slot is close to the period of an |F signal. In this case, when an average output
in the sub-time slot is to be obtained, the output may vary depending on the phase of the IF signal. In order to prevent
this variation, fir = o2 = m/Tg' (m =1, 2, 3...) or 1/T¢' << f is set, where TS' is the length of a sub-time slot in
which outputs are actually detected and averaged.

The optical receiver according to the fourth aspect of the present invention is a modification of the apparatus
according to the third aspect. In this modification, the local oscillation source performs phase switching alternately
between n/2 and -n/2. In the fourth aspect, at least two sub-time slots are required. Under the same conditions as
those in the third aspect, the following light receiver outputs alternately appear in the respective sub-time slots:

1,(t) = A, cos((wg, - O )t +6,)

+Aycos((0) - ogo)t + 6,)

(1) = A, sin((0g, - Ot +6,)

- Aysin((o - Ogy)t + 6)

This beat output is divided into two branch components. One branch component is delayed with respect to the other
branch component by Tg, and is added to the other branch component while the phase of one component is shifted
by 90°. For example, if a signal obtained by delaying one branch component by TS is added to a signal obtained by
shifting the phase of the other branch component by 90°, outputs X obtained in the respective time slots are represented
as follows:

X, (1) = 2A, cos((0g, - ® )t + 6,)

X, (t) = -2A,8in((0 - g )t + 65)

Thus, beat components represented by mg; and o (&g > @) and beat components represented by og, and o (o >
og) alternately appear. Similarly, outputs Y obtained by adding one branch component, delayed by Tg and phase-
shifted by 90°, to the other branch component which is not delayed are:

Y, (1) = -2A,sin((0 - gt + 6,)

Y, (t) = 2A, cos((og, - o)t + 6,)

Therefore, if the output ports X and Y are switched for every sub-time slot, only a component represented by og > o
or ®_ > g can be received. That is, image rejection signal reception can be performed. Note that switching of the
signal paths may be performed on the input side of the 90° hybrid circuit instead of performing it on the subsequent
stage.

In the second, third, and fourth aspects, when the phase or polarization of local oscillation light is to be switched,
the light frequency greatly changes. This may cause an error in signal demodulation or an AFC operation.
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In the second, third, and fourth aspects, if the optical receiver further includes a function for inhibiting signal de-
tection at the instant when a frequency variation accompanying a phase variation of local oscillation light appears in
an electrical beat signal, an increase in the number of errors in signal demodulation can be prevented because a beat
signal in a switching state need not be used for signal demodulation. If the total time required for switching in the time
slot T is represented by 8T, since a light output which can be used for reception is given by (T - 8T)/T, a power penalty
is caused. However, the power penalty can be reduced by decreasing 8T/T. Similarly, if the light receiver further includes
an AFC function for detecting the difference between a beat frequency and a preset value thereof and controlling the
oscillation frequency of a local oscillator to set the beat frequency to be a predetermined value only when a frequency
variation accompanying a phase variation of local oscillation light does not appear in a beat signal, afrequency variation
of the local oscillation source can be suppressed because a beat signal in a switching state need not used for AFC.

According to the fifth aspect of the present invention, there is provided the coherent light transmission system
which can simultaneously perform phase switching and polarization switching.

The time slot T corresponding to the reciprocal of a bit rate R, is divided into two or more phase sub-time slots,
and a pulse current is supplied to the semiconductor laser of the light transmitter at the boundary of the phase sub-
time slots, thus performing phase modulation of 66 = +n/2. Note that in the following description, alternate signs are
assigned in 86 = +r/2. If the light output electric field strength of a phase sub-time slot is represented by IES/\/2Icos
(ogt + Bg), the light output electric field strength of the next sub-time slot is given by J_rIES/\/2Isin(c)St + 0g). If three or
more phase sub-time slots are present, the above-mentioned two states alternately appear. Therefore, orthogonal
phase components alternately appear in output light from the transmitter.

Output light having a frequency m from the local oscillation source of the light receiver alternately assumes two
orthogonal polarization states upon polarization switching. This defines a polarization sub-time slot. Polarization sub-
time slots are set such that two independent polarization states A and B always appear in the respective sub-time
slots, in one time slot, which have two independent phase states. Output light with the polarization state A having an
electric field strength IE,_/\/2Icos(0)|_t + 6, ) appears in a polarization sub-time slot A, whereas output light with the
polarization state B having an electric field strength IE,_/\/2Icos(0)|_t + 0. g) appears in a polarization sub-time slot B.

This local oscillation light is mixed with light from the optical transmitter, and the mixed light is received by the
optical receiver. If components, of signal light power, which have the polarization states A and B are respectively
represented by £,2 and £g2, €42 + Eg2 = 1. In this case, £, and &g satisfy 0 <&, <1 and 0 <&g < 1, respectively. At this
time, the following beat output components appear in correspondence with phase sub-time slots 1 and 2 and polari-
zation subtime slots A and B:

S,a(1) = PEA|Eg E /2] cos(mt + B - 8, )
S,g(t) = P&g|Eg E, /2| cos(mt + B - B, 5)
Spal) = £PE,|Eg E /2] sin(ot + B - 6, )

Syg(t) = £PEG|Eg E /2] sin(ot + 0g - 6 5)

where P is a constant representing a loss and a conversion efficiency, and o = og - ®_ is an intermediate frequency
and may be set to be 0. If this beat output is square-law-detected, the following values are obtained:

2 2, 2 2 2

)37 (1) = P?E,%|Eg E /2] “cos” (ot + A8))
2 2, 2 2 2

Sig° (1) = P?E5"|Eg E /2| “cos” (ot + ABp)
2 2. 2 2 .2

Soa (1) = P Ep"|Eg EL/2] “sin” (ot + A8,)

2 2. 2 2 .2
Syg (1) = P &g |Eg EL/2] “sin” (ot + ABg)

10
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where AB, = Bg - 6 5 and ABg = 6g - B 5. The sum of these detection outputs is

2 2 2 2 2
S :S1A +S1B +S2A +S2B

- PYlEg E /2 2

Therefore, even at w ~ 0, signal reception can be performed regardless of the phase difference between signal light
and local oscillation light, and this signal reception does not depend on the polarization state of signal light in the optical
receiver.

In practice, although the phase of the light source varies depending on phase noise over time, no significant penalty
is caused as long as a phase variation in the time slot T is sufficiently small. In general, a polarization state gradually
varies as compared with the time slot T. If the frequency f is sufficiently low, no problems are posed. If, however, the
length T4 of a sub-time slot determined by a phase and polarization is close to the period of the IF frequency, an output
change occurs in the sub-time slot. If one representative value is obtained from the average output, the output varies
depending on the phase of the IF frequency. In order to prevent this variation, fir = m/Tg' (m =1, 2, 3 ...) may be set
where Tg' is the length of a sub-time slot in which outputs are actually detected and an average value is obtained.

According to the sixth aspect of the present invention, there is provided the coherent optical transmission system
which performs phase switching with image rejection signal reception according to the third aspect by using the optical
transmitter in place of the local oscillation source. The operation principle of this system is the same as that of the
system according to the third aspect except that phase switching is performed by the optical transmitter instead of the
local oscillation source. Note that an image component must also be phase-switched in synchronism with a desired
signal component in the same manner.

Accordingto the seventh aspect of the present invention, there is provided the coherent optical transmission system
which performs phase switching with image rejection signal reception according to the fourth aspect by using the optical
transmitter in place of the local oscillation source. The operation principle of this system is the same as that of the
system according to the fourth aspect except that phase switching is performed by the optical transmitter instead of
the local oscillation source. Note that an image component must also be phase-switched in synchronism with a desired
signal component in the same manner.

The local oscillation source is constituted by a polarization switching light source and has a function for adding
detection outputs with different polarization states in one time slot. The light receiver of the coherent optical transmission
system according to the sixth or seventh aspect is used for the coherent optical transmission system constituted by a
combination of the image rejection function and the polarization switching function according to the second aspect. In
this case, if phase switching for removing image components is performed by the optical transmitter while polarization
switching is performed by the local oscillation source, image rejection signal reception can be performed without de-
pending on the polarization state of signal light reaching the optical receiver.

According to the fifth, sixth, or seventh aspect of the present invention, there is provided the coherent optical
transmission system wherein the optical receiver further includes a function for detecting a clock by detecting a pulse-
like frequency variation accompanying phase switching of the optical transmitter, thus extracting a clock from a fre-
quency variation of an optical signal. When a clock is to be extracted from a signal, since no periodic component
appears in a clock if the value of the signal does not change, it is difficult to perform stable clock extraction. In the
systems according to the fifth, sixth, and seventh aspects, signal light is frequency-modulated in the form of a pulse
to perform periodic phase switching regardless of the value of the signal. By using such signal light, a stable clock
extracting operation can be performed regardless of the value of a signal.

The coherent optical transmission system according to the fifth aspect of the present invention in which the local
oscillation source is constituted by a polarization switching light source, or the coherent optical transmission system
according to the sixth or seventh aspect, which has a function for adding detection outputs with different polarization
states in on time slot, includes a function for changing a pulse waveform, a pulse pattern, or a polarity by means of
pulse-like frequency modulation for phase switching performed by the optical transmitter and pulse-like frequency
modulation for polarization switching provided for the local oscillator of the optical receiver. In addition, the optical
receiver includes a function for identifying and detecting a pulse-like frequency variation accompanying polarization
switching and a pulse-like frequency variation accompanying phase switching, and a function for controlling the timing
of polarization switching by using the detected signal. In this case, since the signal light is frequency-modulated in the
form of a pulse for phase switching while the local oscillation light is frequency-modulated in the form of a pulse for
polarization switching, both pulses appear in the beat signals. If the waveform, pulse pattern, or polarity of each fre-
quency-modulated pulse is changed in advance, the two types of frequency modulation can be discriminated from
each other upon detection of a frequency variation, thus allowing control of the timing of polarization switching, extrac-
tion of a clock, and the like.
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In the coherent optical transmission system according to the fifth, sixth, or seventh aspect of the present invention,
when the phase or polarization of local oscillation light or signal light is to be switched, an optical frequency greatly
varies, resulting in a signal demodulation error or an AFC operation error. For this reason, the system further includes
a function for inhibiting signal detection at the instant when a frequency variation accompanying the phase variation
of signal light or local oscillation light appears in an electrical beat signal. In this system, a beat signal in a switching
state is not used for signal demodulation so as to prevent an increase in the number of errors in signal demodulation.
If the total period of time required for switching in the time slot T is represented by 8T, since a light output used for
signal reception becomes (T - 8T)/T, a power penalty is caused. However, by sufficiently reducing 8T/T, the power
penalty can be reduced. Similarly, in the system further including the AFC function for detecting the difference between
a beat frequency and its preset value and controlling the oscillation frequency of the local oscillator to set the beat
frequency to be a predetermined value only when a frequency variation accompanying the phase variation of local
oscillation light does not appear in an electrical beat signal, a beat signal in a switching state is not used for AFC of
the local oscillation source to suppress the frequency variation of the local oscillation source.

If the optical receiver of the coherent optical transmission system according to the fifth, sixth, or seventh aspect
of the present invention is applied to an optical FDM, since the optical frequency greatly changes upon switching of
the phase of signal light, this frequency change may interfere with a signal in another channel. In addition, in the
systems according to the sixth and seventh aspects, if switching of the phase of an image signal adjacent to a desired
signal is not performed in the same manner as that of the phase of the desired signal, an image removing operation
cannot be performed. This problem can be solved by synchronizing the phase switching operations of the respective
optical transmitters. Frequency variations simultaneously occur in the respective channels. Therefore, a signal error
in a given channel due to a frequency variation in another channel can be prevented by combining a function for
synchronizing phase switching and a function for inhibiting signal detection at the instant when a frequency variation
accompanying the phase variation of signal light or local oscillation light appears in an electrical beat signal. In addition,
a combination of the function for synchronizing phase switching and the above-mentioned AFC function can prevent
an AFC error in a given channel due to a frequency variation in another channel. Furthermore, in the system according
to the sixth or seventh aspect, image rejection signal reception can be performed through any channels.

This invention can be more fully understood from the following detailed description when taken in conjunction with
the accompanying drawings, in which:

Fig. 1 is a block diagram showing a schematic arrangement of a polarization switching light source according to
an embodiment of the present invention;

Figs. 2A and 2B are views for explaining the structure and operation of a semiconductor laser used in the embod-
iment in Fig. 1;

Figs. 3A to 3L are graphs for explaining the operation principle of the polarization switching light source in Fig. 1;
Fig. 4 is a block diagram showing a polarization switching light source as a module;

Figs. 5A to 5C are graphs for explaining the first modulation method of the polarization switching light source;
Figs. 6A to 6D are graphs for explaining the second modulation method of the polarization switching light source;
Figs. 7A to 7C are graphs for explaining the third modulation method of the polarization switching light source;
Figs. 8A 1o 8C are graphs for explaining the fourth modulation method of the polarization switching light source;
Figs. 9A and 9B are graphs for explaining the fifth modulation method of the polarization switching light source;
Figs. 10A and 10B are graphs for explaining the sixth modulation method of the polarization switching light source;
Fig. 11 is a block diagram showing a schematic arrangement of a heterodyne optical receiver according to an
embodiment of another aspect of the present invention;

Figs. 12A and 12B are block diagrams showing a schematic arrangement of a polarization diversity heterodyne
optical receiver according to an embodiment of still another aspect of the present invention;

Figs. 13Aand 13B are block diagrams showing a schematic arrangement of a coherent optical transmission system
according to an embodiment of still another aspect of the present invention; and

Fig. 14 is a block diagram showing a schematic arrangement of a coherent optical transmission system according
to another embodiment of still another aspect of the present invention.

Embodiments of the polarization switching light source, optical receiver, and coherent optical transmission system
of the present invention will be sequentially described below with reference to the accompanying drawings.

First Embodiment: Polarization Switching Light Source

As shown in Fig. 1, this polarization switching light source comprises a semiconductor laser 1, a driver 2 for sup-
plying a bias current and a pulse current to the semiconductor laser 1, a lens 3 for collimating output light from the
semiconductor laser 1, an optical isolator 4 having an isolation ratio of 60 dB or more, a 1: 1 beam splitter 5 for splitting
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output light from the optical isolator 4 into two branch components, an optical system 6 for adjusting the lengths of the
two optical paths, split by the beam splitter 5, to have a predetermined optical path difference 81, a A/2 plate 7 for
rotating the polarization of one branch component through 90°, a polarization beam splitter 8 for synthesizing the two
branch components, an optical system and a laser stabilizing system accompanying these components, and the like.
The components from the beam splitter 5 to the polarization beam splitter 8 constitute an optical system 9 similar to a
Mach Zehnder interferometer. This optical system 9 is characterized in that one branch light component is delayed,
and when the two branch light components are synthesized, their polarization states are orthogonal to each other.

The semiconductor laser 1 used in this case is a three-section phase-shifted distributed feedback (DFB) InGaAs/
InGaAsP multiple quantum well (MQW) semiconductor laser having a cavity length of 1.5 mm and formed on an n-InP
substrate 10, as shown in Fig. 2A. An active layer 11 has a multiple quantum well structure having 12 wells, which is
formed by alternately stacking InGaAs layers 11a, each having a width of 7.0 nm, and InGaAsP (a composition for a
wavelength of 1.3 um) barrier layers 11b, each having a width 8.0 nm. Optical waveguides 12 and 13 are formed on
the lower and upper surfaces of this multiple quantum well active layer 11, while a first order diffraction grating 14 is
formed on one waveguide 13. The active layer 11 and the optical waveguides 12 and 13 are formed between a p-InP
cladding layer 15 and an n-InP cladding layer 16. Holes and electrons are respectively injected from upper and lower
electrodes 17 and 18 into the active layer 11 and the optical waveguides 12 and 13 through the cladding layers 15 and
16. A A/4-phase shift region 19 is formed in a diffraction grating portion in the middle of the semiconductor laser 1. On
both facets of the semiconductor laser 1, anti-reflection coatings 20, each having a reflectivity of 0.3% or less with
respect to a laser beam, are formed. The upper electrode is constituted by a central portion 17a having a length of
about 700 um and two end portions 17b and 17¢, each having a length of about 400 um. High-resistance regions 21,
each having a width of 4 um, are formed between the respective electrode portions. Each region 21 has a resistance
of 1 MQ or more. The semiconductor laser 1 is mounted on a heat sink and is packaged together with a Peltier element
and a thermal sensor. The temperature of the semiconductor laser 1 is stabilized with a precision of £0.01°C by a
temperature feedback circuit.

In this semiconductor laser 1, by adjusting a bias current to be supplied to each electrode, an FM modulation
efficiency exhibiting a flat curve of about 0.8 GHz/mA in the range of modulation frequencies from 100 kHz to 15 GHz
is obtained, as shown in Fig. 2B. At this time, an FM modulation current is supplied to only the central electrode 17a
of the semiconductor laser 1. The semiconductor laser 1 oscillates in a single mode having a wavelength of about 1.55
pm while it is biased in this manner. The oscillated light is linear polarization light. A side mode suppression ratio is
controlled to be 40 dB or more; and an oscillation spectrum full-width half maximum, 1 MHz or less, owing to the effects
of suppression of return light by means of the optical isolator 4, temperature stabilization, bias current stabilization,
and packaging resistant to external conditions, in addition to the superior characteristics of the semiconductor laser 1.

Fig. 3A shows the waveform of a pulse current to be supplied to the central portion of the semiconductor laser 1
through the driver 2. Positive and negative current pulses, each having an amplitude of 3.125 mA and a width 6t = 100
ps, are alternately applied every 1/2 = 500 ps. As a result, as shown in Fig. 3B, a laser oscillation frequency of 2.5 GHz
is modulated into alternate positive and negative pulses, each having the width 8t. If this modulated signal is expressed
as the phase of a center oscillation frequency, switching occurs between 0 and n/2 every 1/2, as shown in Fig. 3C. For
the sake of descriptive convenience, the above-mentioned ideal pulse waveform is assumed in the following descrip-
tion. The gist of this embodiment, however, is that the phase of output light is switched between 0 and n/2 within a
period of time shorter than 1/2. Therefore, the present invention is not limited to the above-mentioned modulated wave-
forms of the current and oscillation frequency. In practice, since it is difficult to obtain the modulated waveform of a
current or an oscillation frequency as a perfect rectangular wave, the driver 2 is adjusted such that the phase of output
light is changed between 0 and n/2 within a short period of time every 1/2, as shown in Fig. 3C. The light electric field
of the output light at this time can be expressed as

Eo = V2 |E| cos(ot + B(t))
where o is the oscillation light angular frequency, and 6(t) is the phase shown in Fig. 3C:

Ot)=0 (0 <t-mt <1/2- &1)

/2 (t/2<t-mt < 1 - 061)

where m is an integer. Between t - mt = 1/2 - 6t ~ &t and 1 - &1 ~ 1, the phase continuously changes between these
values.
The optical path difference k1 of the optical system 9 is set such that one optical path B is delayed with respect
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to the other optical path A by 1/2. With a delay of ©/2 = 500 ps, if the optical paths are in the air, the optical path difference
41 is 15 cm according to the following equation:

81=cy X (1/2)

where ¢ is the velocity of light in a vacuum. If a light electric field E, generated by the polarization beam splitter 8 in
the optical path A is represented by

Ep= |E0| cos(ot + 6(t) + ¢,)

|Eq| cos(ot + 6,(1)
then, a light electric field Eg generated by the polarization beam splitter 8 in the optical path B is given by

Eg = |Eq cos(o(t - /2) + 6,(t - 7/2) + ¢g)

|Eq| cos(et + 65(1)
where

3¢ = ¢g - OT/2 (-n < 3¢ < m)

05(1) = B, (t - 1/2) + 80

In this case, the phase ¢, = 0 is set for the sake of descriptive convenience. Assume that the light electric fields E,
and Eg are respectively polarized in the x and y directions. A phase difference 6¢ between the optical paths A and B
changes from -r to & every time the optical path difference 81 changes in accordance with a wavelength period. Fig.
3D is a graph showing 6,(t) (solid curve) and 6g(t) (dotted curve) when 6¢ = 0. Figs. 3E and 3F, and 3G and 3H show
the states of the electric fields of polarization beam splitter output light in time slots (1) and (2). As is apparent from
Figs. 3E to 3H, the output light is switched between two orthogonal polarization states, i.e., right-circularly polarized
light and left-circularly polarized light every 1/2. However, an intermediate polarization state appears between 0 <t -
mt < 1/2-06tand 1/2 <t- mt < 1 - 6t (mis an integer). Fig. 3| shows this state expressed on the Poincaré sphere,
which is based on the expression in S.C. Rashleigh, Journal of Lightwave Technology Vol. LT-1, No. 2, pp. 312 - 331,
June 1983. Since the light electric fields E, and Eg have the same amplitude, the polarization state of the synthesized
output light is present on a PLQR circular cross section. If

AB(t) = 0, (1) - Bg(t)

then, A8 corresponds to a polarization angle measured from a point P toward a point L. Two polarization states located
at positions symmetrical about an origin O on this circumference are orthogonal to each other. In this case, the two
polarization states correspond to right-circularly polarized light R (A6 = -r/2) in time slot (1) and left-circularly polarized
light L (AB = n/2). In switching, the polarization states reciprocate on an RPL semicircle. Fig. 3J shows 8,(1) (solid
curve) and 65(t) (dotted curve) when 8¢ = -n/2. Fig. 3K is a graph showing the polarization state of output light, in which
the polarization state is switched between two orthogonal linear polarization states P and Q respectively inclined as
45° and -45° with respect to the x axis, as P « — L« — Q, every /2. Similarly, when 3¢ = &, two circular polarization
states alternately appear every 1/2, whereas when 8¢ = /2, two orthogonal linear polarization states alternately appear
every 1/2. Otherwise, the output light is elliptically polarized. In this case, since the difference between A8 = 6, - 6g for
O<t-mt<1/2-06tand A6 for /2 <t-mt < 1 - 8t is &, two orthogonal elliptical polarization states appear every /2.
That is, as shown in Fig. 3L, polarization states alternately appear at two points S and T symmetrical about the center
on a PLQR circumference. In general, therefore, when light which is phase-modulated as shown in Fig. 3C is transmitted
through the optical system 9, the output light alternately exhibits two orthogonal polarization states every 1/2, thereby
realizing a polarization switching light source for switching two orthogonal polarization states at a period 1.
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In the modulation method of the polarization switching light source of this embodiment, it is important to set the
time during which one of two orthogonal polarization states appears to be equal to the time during which the other
polarization state appears. The conditions for this setting will be clarified below. The probability that A8(t) = 6A(t) - 6B
(t) becomes A8y withint = 0 ~ 1 is defined as a phase difference probability density function Pr(A8,). In this case,
assume that the variable A8, of Pr(A8,) takes a value satisfying -n < A8y < n as a principal value. In addition, assume that

f : Pr(A8)d(a8) = 1

If A8, is an arbitrary phase difference, an output polarization state for A6 = A8, and an output polarization state for A8
= AB;£r are orthogonal to each other. Therefore, if

Q(AB) = Pr(A8) - Pr(A8 + )

is O for all values of A8, polarization states appearing between 0 and T equally take two orthogonal polarization states.
That is, the probabilities that polarization states appear at two points symmetrical about the center on the PLQR cir-
cumference become equal, and a perfect polarization switching state can be realized. In the above-described modu-
lation method, however, unless 6t = 0, polarization states at transient portions where phases are switched do not cancel
each other, as shown in Figs. 3G, 3I, and 3J. That is, an imperfect polarization switching light source is formed. However,
if dt is sufficiently shortened to reduce

R = j "lo(ae) ld(ae) /2
-1

to a value sufficiently smaller than 1, the above-described apparatus can be used as a polarization switching light
source in practice. It is preferable to set R < 0.25 in practice. In this embodiment, R~ 0.2.

Note that upon modulation, the time-averaged laser oscillation spectrum line width is increased. This increase
causes phase discontinuity of a beat signal, over time, when beating is caused between different monochromatic light
components having similar frequencies and predetermined polarization states and phases. That is, in general, the
phase of a beat signal as well as its amplitude vary from time slot (1) to time slot (2). The phase variation of the beat
signal is dependent on the polarization states of different monochromatic light components. If 7 is prolonged, a phase
variation per unit time in a transient portion is reduced, and the average spectrum line width is increased. If 41 is
shortened, the phase variation becomes steep, the spectrum line width is reduced but a sideband is produced at a
remote position.

The speed of direct modulation of the semiconductor laser can be easily increased as compared with a case
wherein an external phase modulator is used. In addition, the polarization switching light source requires only a small
driving current of several mA for a switching operation, and hence the load of the driver is small as compared with a
high-speed external phase modulator requiring a driving voltage of several V or more. The switching frequency (fg, =
1/7) of the polarization switching light source of this embodiment is 1 GHz. Note that if the period of polarization switching
is sufficiently short as compared with the changing speed of a target phenomenon, this polarization switching light
source can be regarded as a polarization scrambling light source.

Fig. 4 shows a module equivalent to the polarization switching light source in Fig. 1. A semiconductor laser 1, a
lens 3, and an optical isolator 4 are housed in a module 41 together with a Peltier element. The semiconductor laser
1 is basically the same as that shown in Fig. 2A. Output light from the optical isolator 4 is coupled with polarization
matching to the input fiber of a 1 : 1 polarization maintaining fiber coupler 45 through a spherical lens 42. Each output
of the fiber coupler 45 is connected to one end of each of two polarization maintaining optical fibers 43 (optical path
A) and 44 (optical path B). The other end of each of the polarization maintaining optical fibers 43 and 44 is connected
to a fiber-optic polarization beam splitter (working as a coupler) 48 such that the polarization main axes are perpen-
dicular to each other. The fiber-optic polarization beam splitter 48 is designed to transfer almost 100% of the light
polarized in x axis from one optical fiber to the other optical fiber and to leave almost 100% of the light polarized in y
axis from the other optical fiber in the same optical fiber. Therefore, light components propagating through the two
polarization maintaining optical fibers 43 and 44 are output from a single fiber 49. The polarization maintaining optical
fiber 44 is longer than the polarization maintaining optical fiber 43 by 81 = (co/n) X (t/2). For this reason, in the fiber-
optic polarization beam splitter 48, light propagating through the optical path B 44 is delayed with respect to light
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propagating through the optical path A 43 by ©/2 = 500 ps. The value of 81 is 10 cm, provided that an equivalent
refractive index ng of an optical fiber is 1.5. The modulation method, operation, and effect of the semiconductor laser
1 are the same as those in the previous embodiment.

Note that the range of components to be formed into a module is not limited to that described above. For example,
the range may include the fiber couplers 45 and 48 and the optical fibers 43, 44, and 49. The optical fibers may be
integrated with the module in the form of a pigtail. In addition, the fiber-optic polarization beam splitter need not be
used to synthesize two branch light components. For example, a 10 : 1 polarization beam splitter or a normal polari-
zation-independent optical coupler may be used. In this case, feedback control of polarization switching can be per-
formed by using the other fiber output light. The semiconductor laser 1 is not limited to the one shown in Fig. 2A but
various types of semiconductor lasers, e.g., a DBR laser, an external resonator laser, a double-hetero laser, and a
strained quantum well laser, can be used. As a material for a semiconductor laser, various combinations of substances,
such as GaAs/AlGaAs, GaAs/InGaAlP, and GaSb/GaAlSb, can be used. Therefore, the apparatus can be applied to
various types of light, e.g., visible light and infrared light.

Various modulation methods are available as modulation methods of performing polarization switching with the
arrangement of the polarization switching light source of the present invention.

A modulation method for the polarization switching light source will be described below with reference to Figs. 5A
to 5C. Fig. 5A shows the modulation waveform for an oscillation frequency. In this case, frequency modulation of a
frequency deviation of 5 GHz is performed over a width &t = 100 ps at intervals of 1 = 1 ns. The phase of local oscillation
light is changed by © before and after the application of the pulse. Since a branch light component propagating through
the optical fiber 44 is delayed by /2 in the optical system, phases 6, (1) and 6g(t) of light electric fields synthesized by
the fiber optic polarization beam splitter (working as a coupler) 48 appear as shown in Fig. 5B, similar to the above-
described case. In this case, 8¢ = 0 is assumed. As a result, AB(t) = B,(1) - Bz(t) is switched between 0 and ¢ every v/
2. Since the polarization states of the light components from the optical paths A and B are perpendicular to each other
in the coupler 48, two orthogonal linearly polarized light components alternately appear at the output of the coupler 48
every /2. Similarly, in the case of 8¢ 0, A6 changes by & every n/2, and two orthogonal circularly or elliptically polarized
light components alternately appear. Therefore, a polarization switching light source can be realized regardless of the
value of 8¢. However, as Fig. 5C shows changes in polarization state on a PLQR circular cross section of the Poincaré
sphere, although the polarization states in time slots (1) and (3) are the same, the phase is changed by r, i.e., inverted.
Similarly, the polarization states in time slots (2) and (4) are the same, but the phase is inverted. This modulation
method is different from that described above in this regard.

The conditions for obtaining a perfect polarization switching light source are described above. Three modulation
methods which satisfy the conditions will be described below with reference to Figs. 6A to 6D, Figs. 7A to 7C, and
Figs. 8A to 8C, respectively. Assume that the arrangement of an optical system employed in each case is the same
as that shown in Fig. 4. Figs. 6A, 7A, and 8A respectively show laser modulation current waveforms. Figs. 6B, 7B, and
8B respectively show phases 0,(t) and 6x(t) of light electric fields synthesized by the fiber-optic polarization beam
splitter 48. Figs. 6C, 7C, and 8C respectively show changes in polarization state on a PLQR circular cross section of
the Poincaré sphere. In each case, a phase difference probability density function Pr(A8) shown in Fig. 6D is obtained,
and hence R = 0. Therefore, two orthogonal polarization states equally appear in a transient state between 0 and t.
However, phase inversion occurs between time slots (2) and (4). In the cases shown in Figs. 6Ato 6C, 7Ato 7C, and
8A to 8C, 69 = 0 is assumed. However, similar to the above-described case, polarization switching can be realized
even if 8¢ = 0.

In the above-described cases, two independent polarization states are switched. However, three or more polari-
zation states can be switched. Figs. 9A and 9B show a case wherein three or more polarization states are switched.
In this case, phase modulation of 2/3r is performed with one pulse. In addition, the propagation delay between the two
optical paths is not limited to ©/2. Figs. 10A and 10B show a case wherein the propagation delay is set to be n/4. Figs.
9A and 10A respectively show laser modulation current waveforms. Figs. 9B and 10B respectively show phases 8,(1)
and 6g(t) of light electric fields synthesized by the polarization beam splitter 48. In addition to these modifications,
various modifications of the modulation method can be made.

Second Embodiment: Optical Receiver

An embodiment of an optical receiver according to the second aspect of the present invention will be described
below.

Fig. 11 shows the arrangement of a heterodyne optical receiver of a 100 Mb/s FSK single filter detection scheme.
A polarization switching light source 100 as a local oscillation source has an arrangement substantially the same as
that shown in Fig. 4. Output light from the local oscillation source 100 is input to a 1 : 1 optical coupler 102 through an
optical fiber 49. Reception signal light is input to the 1 : 1 optical coupler 102 through an optical fiber 101. The output
light from the local oscillation source 100 and the signal light are mixed with each other at a ratio of 1 to 1 and are
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heterodyne-received by a balanced optical receiver 104 through optical fibers 103a and 103b. At this time, the optical
coupler 102 serves as a 180° hybrid circuit. The balanced optical receiver 104 comprises a light receiving portion
constituted by a series circuit of two photodiodes 105a and 105b, and an intermediate frequency (IF) band front-end
amplifier 106 for receiving an output from a node between outputs from the photodiodes 105a and 105b. The photo-
diodes 105a and 105b have substantially the same characteristics in terms of, e.g., quantum efficiency, response
speed, and dark current, and are respectively coupled to the optical fibers 103a and 103b with substantially the same
coupling efficiency m = na = mb. The following components are connected to the output of the IF amplifier 106: a
bandpass filter 107, a mixer 108, a signal branch circuit 109, a t/2-delay circuit 110, a low-pass filter 111, and an analog
adder 112. Part of the output of the bandpass filter 107 is coupled to an IF automatic frequency control (AFC) circuit
1183. The AFC circuit 113 maintains an IF frequency constant by controlling a current to a semiconductor laser 41 in
the local oscillation source 100 through a laser driver 2.

An operation of the light receiver of this embodiment will be described next. Polarization states are switched for
every 5-ns sub-time slot obtained by dividing a one-bit time slot T = 10 ns into two portions. Polarization switching is
realized by the modulation method shown in Figs. 3A to 3L. For the sake of descriptive convenience, assume that no
polarization rotation occurs in the optical fiber 49, and that a polarization coordinate system OXY of the optical coupler
102 corresponds to that of the polarization switching light source in Figs. 3A to 3L. In this case, an x component E|,
and a y component E|_y of an electric field strength E| of the local oscillation light are respectively given by

ELe = (|E| /¥2)cos(ot + 6(1)

Ey, = (|E} IN2)cos(oy t + B(t - 1/2) + 36, )
for

0(t - ©/2) = O(t) + mi(t)

fity=1(0 <t- Nt <1/2)

O(t/2<t-Nt<1)

where N is an integer. In this embodiment, T = 10 ns. Note that the switching time is neglected here for the sake of
descriptive convenience. The effects of the switching time will be considered later.

An x component Eg, and ay component ESy of the photoelectric field strength ES of the signal light input from the
optical fiber 101 to the optical coupler 102 are respectively given by

Egx = |E4 cos&-cos(ag(t)t)

Eg, = |Es| sing-cos(og(ht + 584)

where 0 < & < /2 represents the polarization state of the signal light. Assume that if a signal value S is "1", og(t)
becomes mgy, and that if S = "0", wg(t) becomes wg,. In this case, 86, and d6g are phase differences between the x
and y components of the local oscillation light and the signal light, respectively. Assume that o is controlled by the
AFC circuit 113 to have a predetermined frequency relationship with wgy, i.e., o1 = ®_ - 0g4. In this case, a frequency
deviation wgq - g, is set to be 1 GHz; and an intermediate frequency wg¢, 1 GHz.

The photodiode 105 does not respond to a light electric field of g + ®_. In addition, the x and y components of
an electric field do not interfere with each other. Since the optical coupler 102 serves as a 180° hybrid circuit, the in-
phase components of output currents from the photodiodes 105a and 105b are removed (balanced optical receiver).
The bandpass filter 107 passes a component of o, = @ (1 GHz) but does not pass a component of @ = o5 (2
GHz). Therefore, when S =1, an output v; from the bandpass filter 107 is represented as follows:

Vie' = V2A |E|||Eg| (cosE-cos(ot + (1)
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* sin&.cos(o,t + B(t) + 86))

where A is a constant, and 86 = 86 - 88g. In this case, the sign "+" is given to the solution if f(t) = 0(bns <t - NT <
10ns); and the sign "-", if f(t) = 1(Ons <t - NT < 5ns). The output v|g is then subjected to square-law detection in the
mixer 108 and is branched by the signal branch circuit 109 on the basis of the value of f(t). When a signal branching
operation based on f(t) = 1 is to be performed, the circuit 109 is connected to the n/2 delay circuit 110. If each branch
component is filtered by the low-pass filter 111, the following detection output can be obtained:

vo" = PAYEE4? (1 % sin(2&)cos(56)).

The cutoff frequencies of the low-pass filter is set to be 400 MHz, an intermediate value between 200 MHz (1/Tg) and
1 GHz (op4/2n). The sign "+" represents a branching operation based on f(t) = 1; and the sign "-", a branching operation
based on f(t) = 0. When both the outputs are added by the analog adder 112, the resulting output is given by

v, = PAEL®ESI?

thus obtaining an output independent of the polarization state of the signal light. That is, polarization switching reception
is achieved. In this case, the power penalty caused by detecting only a signal component having one polarization state
in each sub-time frame is 3 dB. When the signal value S = 0, since the bandpass filter output becomes 0, the output
from the adder 112 becomes 0. According to the method of this embodiment, signal reception independent of polari-
zation can be realized without using a polarization diversity module which requires cumbersome operations for adjust-
ment and assembly and increases the cost. Although the electronic circuit is slightly complicated, the apparatus of the
present invention can achieve a reduction in cost by forming it into an IC. Therefore, the cost of the apparatus can be
greatly reduced as compared with the case wherein the polarization diversity module is used. In addition, since ad-
justment and assembly are facilitated, the apparatus of the present invention is suitable for mass production.

The influences of the switching time, which is previously neglected, will be considered now. As described with
reference to the first embodiment, pulse-like frequency modulation accompanying polarization switching is caused in
abeat output. Unless the modulation method is modified, polarization states in one time slot during a switching operation
are not balanced. In this embodiment, therefore, the signal branch circuit 109 is designed not to pass a signal during
a switching operation. Such an operation can be realized by, e.g., adjusting the duty of a gate pulse output from a clock
control circuit 114. Although a penalty is caused in accordance with a reduction in reception energy due to a signal, a
stable operation can be realized. In this embodiment, the time required for switching, including pulse jitter, is about
250 ps. The signal branch circuit 109 is designed to pass a signal only during Tg" = 4.6 ns corresponding to a sub-time
slot Tg = 5 ns from which two end portions are removed. The penalty based on the fact that signal power corresponding
to this portion cannot be used is 0.4 dB or less. Note that o is controlled by the AFC circuit 113 to have a predetermined
frequency relationship with mgq, i.e., @y = ®_ - wg1. The AFC circuit 113 is controlled by a gate signal output from the
clock control circuit 114 to be operated only when the output signal is "1". Similarly, in this case, the duty of a gate
pulse output from the clock control circuit 114 is adjusted to prevent a frequency variation in polarization switching from
causing an unstable AFC operation.

In the above-described case, the time slot T is divided into two portions. However, the time slot T may be divided
into three or more portions. If the time slot is divided into six or more portions, polarization switching can be regarded
as polarization scrambling, and the components from the signal branch circuit 109 to the adder 112 can be replaced
with one low-pass filter. More specifically, by setting the time constant of the low-pass filter to be a value between the
length of the sub-time slot Tg and that of the time slot T, averaging, i.e., addition, of the respective sub-time slots can
be performed.

Inthis embodiment, FSK is performed. However, the present invention can be applied to other modulation methods,
such as DPSK and ASK, and other detection methods, such as delay detection.

Third Embodiment: Optical Receiver

An embodiment of an image removing light receiver according to the third and fourth aspects of the present in-
vention will be described below.

Fig. 12A shows the arrangement of a polarization diversity heterodyne optical receiver of a 200 Mb/s DPSK dif-
ferential detection scheme of an embodiment according to the third aspect of the present invention. This optical receiver
is designed to selectively receive signals, of light signals subjected to optical FDM at intervals of 2.5 GHz, which are
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transmitted through a fiber. The phase of output light from a semiconductor laser local oscillation source 120 changes
by n/2 for every sub-time slot Tg = 1 ns, which is obtained by dividing a time slot T = 5 ns into five equal portions.
However, no phase switching occurs in the boundary between adjacent time slots. This operation can be realized by
performing pulse-like direct frequency modulation in the boundary between adjacent sub-time slots by using a laser
driver 121 according to equation (2). The time required for phase switching is 0.1 ns. Local oscillation light is incident
on a polarization beam splitter 122a at an angle of 45° with respect to its optical axis to be split into two components
having the same power. Similarly, signal light is split into two polarized light components by a polarization beam splitter
122b. The signal light components and the local oscillation light components are respectively mixed by fiber couplers
123a and 123b while their polarization states are matched with each other. The mixed light components are respectively
received by balanced optical receivers 124a and 124b. The arrangement of each light receiver is substantially the
same as that of the optical receiver of the second embodiment. An output from each of bandpass filters 125a and 125b
connected to the outputs of the respective optical receiving units is divided into two branch outputs. One branch output
is delayed with respect to the other branch output by T/5, while the phase of the other branch output is delayed by 90°
by a 90° phase shifter 126a or 126b. Subsequently, one branch output and the other branch output are added by an
adder 127a or 127b. An output from each of the adders 127a and 127b is divided into two portions. After one branch
output is delayed by T, the two outputs are multiplied with each other by a mixer 128a or 128b. The resulting value is
then introduced into a low-pass filter 129a or 129b. Finally, the two polarized light components are added by an adder
130 to obtain a demodulated signal. In addition, part of the output of each bandpass filter 125a or 125b is coupled to
an |F automatic frequency control (AFC) circuit 113. The AFC circuit 113 controls the oscillation frequency of the local
oscillation light source 120 through the laser driver 121 so as to keep an IF frequency constant.

An operation of the light receiver of this embodiment will be described next. Signal light includes a plurality of
channels. In this case, only a component having an angular frequency wg; to be received, and a component having
an angular frequency mg, in a channel adjacent to the opposite side of local oscillation light having an angular frequency
o will be considered. Assume that the light frequencies are set to be (0g - ®L)/(2n) = 1 GHz and oL - ©g,/(21) = 1.5
GHz. Other components need not be considered because beating occurs outside the band of each light receiving unit.
An output from the local oscillation source 120 is phase-modulated by /2 four times in the time slot T by the laser
driver 121. The time slot is divided into five sub-time slots, each having a length Tg = 1 ns. The polarization beam
splitter 122a or 122b, the fiber coupler 123a or 123b, and the balanced optical receiving unit 124a or 124b receive beat
signals produced by the respective polarized light components of the local oscillation light and the signal light in each
sub-time slot. The phase of the received beat signal is shifted by =n/2 for every sub-time slot. According to the expression
used in the above description, beat outputs produced by branch components of polarized light a in the respective sub-
time slots are given as follows:

o) = A, S, co8((0g, - ®)t+6,,)

+ A, 8,8, cos((m - mgo)t + 6,,)

lp () = A, S8, 8iN((0g, - B+ 6,,)

- A,S.EpSiN((0 - Ogo)t + 0y,)

loa () = -A, S5, ,CO8((0g - O )t +6,,)

- A, S, c08((0 - Ogo)t + 6,5,)

o) = -A, S &, sin((0g, - Ot +6,,)

+ A;SE0,8IN((0 - Ogp)t + 6,.)

l6a) = 11400

where §; is the phase value of a time slot i, which is set to be 1 or -1 (a state wherein the phase is inverted by &), A,,
A5, 6,,, and 8, are constants, and &,, and &,, (0 < &;,, &5, < 1) are the ratios of the polarized light a in signal light
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electric fields in channels 1 and 2. Branch components of polarized light b correspond to outputs obtained by replacing
a with b in the above equations. However, &2 + &,,2 = 1 and &,,2 +E5,2 = 1.

This beat output is divided into two branch beat outputs. One branch beat output is then delayed with respect to
the other branch beat output by T/5, while the phase of the other branch beat output is shifted by n/2 by the phase
shifter 126a. The two outputs are added by the adder 127a. Adder outputs X1 are given by

X, () = 2A, 8%, ,cos((0g, - @t + 6,,)
Xoni(t) = 2, S&, sin((0g, - Ot + 6,)
Xgqi(t) = -2A, S;&,,008((0g - O+ 6;,)

X4gi(t) = -2A, S &, iN((0g - O+ 6;,)

Thus, image components are removed. Since Xg, is obtained by a calculation with the next time slot component, it is
not used for signal detection. The corresponding power penalty is about 1 dB. Since the IF frequency is 1 GHz, one
period of the IF signal corresponds to the length Tg (= 1 ns) of the sub-time slot. In this case, if the output in each sub-
time slot is differentially detected by the delay line of T, the mixer 128a, and the low-pass filter 129a, the resulting output
is represented by

2 .
Xoai = X1aiK1ali+1) = Xogi"Xog(is1y

= X2 Xaa1+1) = Xgai Xsgagisty

2 2
=2hA, SiS(i+1)§1a
Similarly, with regard to the branch component, of the polarized light b, which has a polarization state orthogonal to
that of the branch component of the polarized light a, the following output can be obtained:

2 2 2
Xovi = 2A SiS(i+1)§1b

Therefore, if the two outputs are added by the adder 130, since &;,2 + &,,2 =1,

2 2
Xoi = 2A1 S8,y
is obtained. If it is determined whether §;S, 4y is 1 or -1, a signal value can be identified. That is, polarization diversity
image rejection signal reception is achieved.

According to the optical receiver of the third embodiment, the optical system can be greatly simplified as compared
with the polarization diversity image rejection light receiver shown in Fig. 18. In comparison with the optical system
which is high in cost and requires cumbersome operations for adjustment and assembly, an electronic circuit allows a
great reduction in labor and cost. Therefore, a considerable reduction in cost can be achieved as a whole. In addition,
the performance of the apparatus can be improved in terms of temperature characteristics and stability of operation.
Signals corresponding to portions of the switching time and AFC can be treated in the same manner as in the second
embodiment.

Fig. 12B shows a case wherein phase switching of the local oscillation source is alternately performed between
/2 and -n/2. Although the basic arrangement of the local oscillation source is similar to that shown in Fig. 12A, the
portions enclosed within an alternate long and short dashed line in Fig. 12A is replaced with the portion shown Fig.
12B. Four sub-time slots are used, TS = 1.25 ns, and the IF frequency is 800 MHz. Signal switching circuits 131a and
131b are respectively arranged in front of the phase shifters 126a and 126b. Under the same conditions as in the
above-described embodiment, the following outputs appear at the output of the optical receiving unit in each sub-time
slot of the branch component of the polarised light a:

20



10

15

20

25

30

35

40

45

50

55

EP 0 475 640 B1

l1a(®) =1g,(1)
=A,; 5,5, cos((mg, - o )t +6,,)

= A, 5,5, c08((m - mgo)t + 6,,)

l2a (1) =142V
= A, SE,,8iN((0g, - Ot + 6;,)

= -A,SE,SiN(0 - Ot + 6,,)

This beat output is divided into two branch components. One branch component is delayed with respect to the other
branch component by T/4. The branch component whose phase is shifted by n/2 by the phase shifter 126a is switched
for every sub-time slot by the signal switching circuit 131a. When the two branch outputs are added by the adder 1274,
the output X, is given by

X1ai() = XKogi() = Xggi ()

=2A,8., cos((og, - o )t +6,,)

Thus, image components are removed. Since X,,; is obtained by a calculation with the next time slot component, it is
not used for signal detection. Since the IF frequency is 800 MHz, one period of the IF signal corresponds to the length
Tg (=1.25 ns) of the sub-time slot. Subsequent operations are the same as those in the embodiment shown in Fig.
12A, and

2 2
Xoi =2A, SiS(i+1)

is obtained as an output from the adder 130. In addition, the same effect as in the light receiver shown in Fig. 12A is
obtained.

Fourth Embodiment: Coherent Optical Transmission System

An embodiment of a coherent optical transmission system for simultaneously performing phase switching and
polarization switching according to the fifth aspect of the present invention will be described in detail below with refer-
ence to Figs. 13A and 13B.

Fig. 13A shows the schematic arrangement of an optical FDM high-definition CATV distribution system according
to this embodiment. In a wavelength band of 1.55 um, 200-Mb/s DPSK signals are transmitted in 64 channels at channel
intervals of 6 GHz. The wavelength band used in this system is about 30 A. Each light transmitter 140 includes a
semiconductor laser module 141, a driver 142, and a stabilizing circuit 143. The driver 142 includes a bias circuit 144,
a DPSK coder 145, a phase switching circuit 146, and the like. Light signals of the respective channels are mixed with
each other by a star coupler 147 and are distributed to tens of thousands of subscriber's optical receivers 150 through
1 : 8 light distributors 148 and optical amplifiers 149 for compensating for losses accompanying the distribution. Syn-
chronization of modulation timings, the channel interval, and the absolute frequency are controlled by a common control
system 151.

Fig. 13B shows the arrangement of each subscriber's optical receiver. The arrangements of a polarization switching
local oscillation source 152, a photo-coupler 153, and a balanced optical receiving unit 154 are the same as those in
the optical receiver of the second embodiment. An output from the balanced optical receiving unit 154 is differentially
detected by a differential detector 155. The detection output is converted into a digital value by an A/D converter 156
and is input to four sample/hold circuits 157 having different sampling timings. Outputs from these circuits 157 are then
added by a sample/hold circuit 158 arranged after the circuits 157. The addition result is output to an identifying circuit
159. In addition to these components, the optical receiver 150 includes a clock circuit 160 for controlling the timings
of the sample/hold circuits and an AFC circuit 161 for stabilizing the oscillation frequency of a local oscillation source.

An operation of this coherent optical fransmission system will be described next.
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The optical transmitter 140 performs O- or n-phase pulse modulation of a semiconductor laser through the DPSK
coder 145. In addition, n/2-phase fixed phase modulation is also performed every 2.5 ns corresponding to 1/2 a time
slot T = 5 ns by means of the phase switching circuit 146. With this operation, the time slot is divided into two phase
time slots T and T,. This phase modulation is performed by decreasing the optical frequency in the form of a pulse.
The timings of this modulation are controlled by a common control system 151 so as to coincide with each other in all
the channels when light signals are mixed by the star coupler 147. Therefore, in the subscriber's optical receivers 150,
frequency variations accompanying phase modulation simultaneously occur in the respective channels. If a signal
value in a given time slot j of a channel i is represented by A; (1 or -1), the electric field strengths of light outputs in the
time slots Ty and T, are respectively represented by AijIESi/\/2Icos(coSit + Bgj) and AijIESi/\/2Isin(coSit + Bg;). Since the
DPSK modulation signal is subjected to n/2 phase switching twice, if no modulation signal is supplied from the DPSK
coder 145, A; and A4, ¢y are reversed, and vice versa.

Output light from the local oscillation source 152 of the light receiver 150 alternately exhibits orthogonal polarization
states upon polarization switching. These polarization states respectively define polarization sub-time slots T, and Tg.
The polarization sub-time slots are set to be switched at an intermediate position in a phase sub-time slot. In addition,
phase modulation for polarization switching is realized by decreasing the optical frequency of the local oscillation source
152 in the form of a pulse by using the modulation method shown in Figs. 5a to 5C. Therefore, when the output light
exhibits the same polarization state again, the phase is inverted. In a polarization sub-time slot A, output light exhibiting
a polarization state A with an electric field strength IE,_/\/2Icos(0)|_t + 0 5) appears. In a polarization sub-time slot B,
output light exhibiting a polarization state B with an electric field strength IEL/\/2Icos(c)|_t + 6. g) appears. Assume, in
this case, that the local oscillation source is set to satisfy o = wg; in order to select the channel j from the channels of
signal light.

This local oscillation light is mixed with the signal light by the optical coupler 153, and the resulting light is received
by the balanced optical receiver 154. If the components, of the signal light power in the channel i, which have the
polarization states A and B are respectively represented by &2 and g2, a2 + &g2=1,0< & <1, and 0< &g < 1.
At this time, in polarization/phase sub-time slots corresponding to phase sub-time slots 1 and 2 and the polarization
sub-time slots A and B, the following beat output components appear:

Siia = PA G| EgiE /9] cos(86,)

Siig = PAGig|EsiE /9 cos(36,)

SijZB = iPAijﬁiB|ESiEL/2| sin(38;5)

Sij2A = iPAijﬁiA|ESiEL/2| sin(36,,)

where P is a constant representing a loss and a conversion efficiency, and 86,4, and 66z are the phase differences
between signal light and local oscillation light of the respective polarization components. When these outputs are
multiplied by a component in a time slot (j+1) and differentially detected by the differential detector 15, the following
values are obtained:

Xiia = P2AA 1 Ea |EEL/2] Pcos®(56,,)
Xirg = P AA G Ee |EsEL/2] “cos®(50)
Xion = P A1 Eie |EsEL/ Zsin®(565)
Xion = P2 ARG Ein |[EEL/Z Zsin®(86,)

The sign "-" is produced when the phase is inverted by 180x when the polarization switching shown in Figs. 5A to 5C
is performed. These outputs are converted into positive/negative octonary values by the A/D converter 156. The input
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level of the A/D converter 156 can be kept constant by controlling the gain of the amplifier of the balanced light receiving
unit 154. Since these outputs appear time-serially in the order named, they are held by the sample/hold circuits 157
having different sampling timings until the last output Xj24 appears. When the last output Xj»a appears, all the outputs
are input to the sample/hold circuit 158 to be added. As a result, the following value is obtained by the identifying circuit
159:

Yij = Xij1A + Xij1B + XijZB + Xij2A

2 2
=P Aiin(j+1)| ESEL/2|

Therefore, signal reception can be performed independently of the phase difference between signal light and local
oscillation light and the polarization state of signal light in the optical receiver. The circuits subsequent to the A/D
converter 156 are operated by a clock of 800 MHz. This operation can be realized by an Si bipolar IC. Although a
quantization error appears with respect to each sub-time slot in the A/D converter 156, since it is only required in the
last identifying step to determine whether Aiin(j+1) is 1 or -1, a quantization level of about an octonary value is enough.
In practice, the polarization state of a light source varies depending on the state of an optical fiber. However, such
variation is slow as compared with the time slot T and hence poses no problems. Although the phase also varies with
time due to phase noise, a large penalty can be prevented as long as phase variation in the time slot T is sufficiently
small. In addition, if the intermediate frequency is sufficiently small as compared with the frequency (800 MHz) of the
sub-time slot, it need not be completely zero. In the above-described case, A/D conversion is performed before the
respective time slot outputs are added. However, these outputs may be added as analog signals.

The clock circuit 160 performs clock extraction on the basis of the frequency variation of an output signal from the
balanced optical receiver 154. That is, since a high-frequency beat component accompanying a frequency variation
appears upon switching of sub-time slots, clock extraction can be performed on the basis of the timing that the beat
component appears. Since a frequency variation changes depending on the value of a DPSK signal upon switching
of time slots, the frequency variations of local oscillation light and signal light can be identified. Furthermore, by detecting
the interval between the frequency variation of signal light and that of local oscillation light, the timing of polarization
switching can be controlled.

Similar to the second embodiment, an error accompanying a switching operation can be prevented by performing
timing control to inhibit an operation of the A/D converter 156 at the instant when a beat frequency variation accom-
panying the phase variation of signal light or local oscillation light appears. Similarly, the frequency variation of the
local oscillation source can be suppressed by inhibiting the use of a beat signal in a switching state for AFC of the local
oscillation source. Since the timings of phase switching are the same in all the channels, no error is caused in a given
channel due to the influences of a frequency variation in another channel.

According to the coherent transmission system of this embodiment, with one optical receiving unit, the same func-
tion as that of a polarization/phase-diversity light receiver using four optical receiving units can be achieved. Although
the operation speed of the optical receiver is increased, since a high intermediate frequency need not be used because
of phase switching, no significant problems are posed. The system requires a complicated electronic circuit. However,
an increase in cost can be suppressed by the use of ICs. Therefore, the complicated optical system can be simplified,
and the number of optical receiving units can be reduced. Such merits are much worthier than the above-mentioned
demerits. In multi-port reception, the characteristics of the respective optical receiving units must be matched with each
other. In this embodiment, however, since one optical receiving unit is used time-divisionally, no such consideration
need be given. Therefore, a subscriber's terminal with a small number of portions to be adjusted can be realized at a
low cost, and a large CATYV distribution system can be formed.

The present invention is not limited to this embodiment but can be applied to, e.g., an optical subscriber's system,
a trunk transmission system, an optical LAN, a MAN, and an optical switching system.

Fifth Embodiment: Coherent Optical Transmission System

An embodiment of a coherent optical transmission system for simultaneously performing image rejection and po-
larization switching operations according to the sixth and seventh aspects of the present invention will be described
in detail below with reference to Fig. 14.

An optical FDM high-definition CATV distribution system according to an embodiment of the present invention has
substantially the same arrangement as that of the system shown in Fig. 13A. In this system, 150-Mb/s DPSK signals
are transmitted in 64 channels at channel intervals of 4.5 GHz in a wavelength band of 1.55 um. The arrangement of
each light transmitter 140 is the same as that in the fourth embodiment except that five phase sub-time slots are present,
and the phase changes by n/2. Although frequency modulation for DPSK is performed upon switching of time slots,
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no phase switching is performed.

Fig. 14 shows the arrangement of a subscriber's optical receiver 201. The arrangements of a polarization switching
local oscillation source 202, an optical coupler 203, a balanced optical receiving unit 204, and the like are the same
as those in the light receiver of the fourth embodiment. Polarization switching is performed at a frequency twice that
used in the fourth embodiment in synchronism with each phase sub-time slot of signal light by the method described
with reference to Figs. 3A to 3F. Therefore, a total of 10 phase/polarization sub-time slots are formed. Although signal
light includes a plurality of channels, only a component having an angular frequency mg; to be received, and a com-
ponent having an angular frequency g, in a channel adjacent to the opposite side of local oscillation light having an
angular frequency m_ will be considered hereinafter. Assume that the light frequencies are set to be (wgq - ® )/(2n) =
1.5 GHz and o - wgo/(21) = 3 GHz. Other components need not be considered because beating occurs outside the
band of the optical receiving unit. The IF frequency of a signal is synchronized with the switching frequency (1.5 GHz)
for the sub-time slots. Beat signals resulting from the respective polarization components of local oscillation light and
signal light are received in units of sub-time slots. The beat outputs in the respective sub-time slots are

o) = A, S, co8((0g, - ®)t+6,,)

+ A, 8,8, cos((m - mgo)t + 6,,)

iy () = A, 8.8,,c08((00g - B+ 6,;)

+ A, 8,5, co8((m - mgo)t + 0,)

lp () = A, S8, 8iN((0g, - B+ 6,,)

- A,S.EpSiN((0 - Ogo)t + 0y,)

I () = A, 8.8, 8iN((0g, - G+ 6,,)

- A8 G SiN((0 - Ogo)t + 0y)

loa () = -A, S5, ,CO8((0g - O )t +6,,)

- A, S, c08((0 - Ogo)t + 6,5,)

lg () = -A, S5, COS((0g - O )t + 6,,)

- A, 8,6, co8((0 - Ogo)t + O,)

o) = -A, S &, sin((0g, - Ot +6,,)

+ A;SE0,8IN((0 - Ogp)t + 6,.)

|y (1) = -A, S&,sin(0g, - Ot + 6;,)

+ A;SE,SIN((0 - Ogp)t + B,p)

1Sa(t) = I1a(t)
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Tgp(0) =110

An output from a bandpass filter 205 arranged after the light receiving unit 204 is divided into two branch components.
One branch component is delayed with respect to the other branch component by T/5, while the phase of the other
branch component is delayed by 90° by a phase shifter 206. The two branch outputs are then added by an adder 207.
As a result, similar to the third embodiment, the following values are obtained:

X, () = 2A, 8%, ,cos((0g, - @t + 6,,)

Xypilt) = 2A, S8, ,cos((0g, - @t + 6,,)

Xoni(t) = 2, S&, sin((0g, - Ot + 6,)

Xopi(t) = 2, S;& psin((0g, - @)t + 6;,)

Xgqi(t) = -2A, S;&,,008((0g - O+ 6;,)

Xapi(t) = -2A, S;&,,C08((0g - Ot + 6;p)

X4gi(t) = -2A, S &, iN((0g - O+ 6;,)

X gpi(t) = -2A, S &, sin((0g - O+ 6;p)

Thus, image components are removed. Since Xg, and X, as sub-time slot outputs are obtained by calculations with
the next time slot component, they are not used for signal detection. The corresponding power penalty is about 1 dB.
Since the IF frequency is 1.5 GHz, one period of the IF signal corresponds to the length T of the sub-time slot. In this
case, if the output in each sub-time slot is differentially detected by a delay line of T, a mixer 208, and a low-pass filter
209, the resulting outputs are represented by

XOai2 = X1ai'X1a(i+1) = X2ai'X2a(i+1)
= X3ai'X3a(i+1) = X4ai'X4a(i+1)
= 2A1zsis(i+1)§1a2
XObi2 = X1bi'X1b(i+1) = X2bi'X2b(i+1)
= X3bi'X3b(i+1) = X4bi'X4b(i+1)
= 2A1zsis(i+1)§1b2

Since orthogonal polarization states a and b alternately appear, if the two outputs are added by an adder 210, since
122 +&1,2 = 1, the following value is obtained:

2 2
Xoi =2A, SiS(i+1)
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If an identifying unit 211 is used to determine whether 5;S, 4y is 1 or -1, a signal value can be identified. That is,
polarization switching/image rejection reception can be performed. Note that the same function as that of addition can
be realized by averaging without using the adder 210 by increasing the time constant of the low-pass filter 209.

Part of the output of the bandpass filter 205 is coupled to an |IF automatic frequency control (AFC) circuit 213. The
AFC circuit 213 controls the oscillation frequency of a local oscillation light source 202 through a laser driver so as to
keep the IF frequency constant.

According to this embodiment, image removing signal reception can be realized independently of polarization with
a simple optical system, thus realizing an optical FDM with a reduced channel interval.

Phase switching may be alternately performed between n/2 and -n/2. Although the basic arrangement is similar
to that shown in Fig. 13A, this embodiment employs four phase sub-time slots and eight polarization time slots and
eight polarization/phase sub-time slots. In addition, the IF frequency is set to be (0gq - ®)/2 = 1.2 GHz and (0 - ©g»)
/(2r) = 2.4 GHz, and the frequency interval is 3.6 GHz. A signal switching circuit 214 is arranged before the phase
shifter 206. Under the same conditions as those in the above-described embodiment, the following outputs appear at
the output of the light receiver in the respective sub-time slots:

l1a0) = lag )
= A, S;51acos((mg, - o )t +6,,)

=+ A,8.8,,c08(0 - ogo)t + 0,,.)

lp®) =150
=A,;5,5,,cos((mg, - o )t +0,,)

=+ A,8.5,,c08((0 - ogo)t + 0,,)

l2a (1) =142V
= A, SE,,8iN((0g, - Ot + 6;,)

=- A58, sin((m - mgy)t+6,,)

|2b(t) = |4b(t)
= A,SE,,5in((0g, - O )t +6,,)

= - AyS G, SIN((0 - Ot + Oy)

This beat output is divided into two branch components. One branch component is delayed with respect to the other
branch component by T/4. The branch component whose phase is shifted by n/2 by the phase shifter 206 is switched
for every sub-time slot by the signal switching circuit 214. When the two branch outputs are added by the adder 207,
outputs X are given by

X1ai1) = Xogi(1) = Xggi(1)

=2A,8., cos((og, - o )t +6,,)

X1pi (1) = Xopi (1) = Xgpi(1)

=2A,8.,, cos((og, - o )t +6,,)
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Thus, image components are removed. Since Xy,; and Xy, are obtained by calculations with the next time slot com-
ponent, they are not used for signal detection. Since the IF frequency is 1.2 GHz, one period of the IF signal corresponds
to the length Tg of the sub-time slot. Subsequent operations are the same as those in the embodiment described
above, and

2 2
Xoi = 2A1 S8,y
is obtained as an output from the adder 210.

In addition to this embodiment, the phase switching method, the modulation method for polarization switching, and
the combination thereof can be variously modified and applied.

As has been described in detail above, according to the present invention, since the polarization switching light
source according to the first aspect of the present invention employs direction modulation of a semiconductor laser as
a light source, the insertion loss and the number of portions to be adjusted can be reduced as compared with the case
wherein an external modulator is used. Therefore, mass production, a cost reduction, and reductions in size and weight
of the system can be achieved. In general, an external modulator, either a phase modulator or a polarization modulator,
based on the electrooptic effect requires a high driving voltage, leading to difficulty in high-speed switching. In contrast
to this, since a semiconductor laser easily allows a high-speed operation and has a frequency modulation efficiency
on the order of 1 GHz/mA, phase modulation of n/2 or © can be performed with a current pulse of several mA and
about 100 ps. Therefore, high-speed switching can be easily achieved. In addition, the reliability of switching is high
because an external modulator having poor temperature characteristics and low reliability is not used, and a semicon-
ductor laser for a light source is generally stabilized against temperature changes and has high reliability.

In polarization switching based on the modulation method of the present invention, the oscillation frequency and
output of the laser are kept constant except for a region corresponding to a short period of time during which a pulse
current is supplied. Therefore, changes in the oscillation frequency and output of the laser before and after switching,
which pose the problems in the conventional polarization switching, do not occur. Therefore, the application range of
the system is wide.

The arrangement of the optical receiver according to the second aspect of the present invention is simpler than
that of the conventional polarization diversity optical receiver, thereby allowing a reduction in the number of portions
to be assembled and adjusted, and realizing mass production and reductions in cost, size, and weight. In addition, the
reliability can be improved. In the conventional multi-port reception, the characteristics of the respective ports must be
matched with each other. In the method of the present invention, however, since one receiver is used time-divisionally,
no characteristic variation basically occur in reception of different polarization states. Furthermore, in the conventional
polarization switching (polarization scrambling), since no external modulator is used, the light receiver of the present
invention realizes high-speed switching, a low loss, high stability, a low cost, and reductions in size and weight. There-
fore, the optical receiver is advantageous in terms of reliability and mass production. Moreover, since no frequency
variation of local oscillation light occur before and after polarization switching, the AFC circuit is free from complication.
In performing FSK, the IF band and the modulation factor need not be increased exceedingly.

The arrangement of the optical receiver according to the third and fourth aspects of the present invention is simpler
than that of the conventional image rejection optical receiver. Therefore, the number of portions to be assembled and
adjusted can be reduced, and mass production and reductions in cost, size, and weight can be realized in addition to
an improvement in reliability. Furthermore, in the conventional multi-port reception, the characteristics of the respective
ports must be matched with each other. In the method of the present invention, however, since one receiver is used
time-divisionally, no characteristic variation basically occur in reception of different branch light components.

The coherent optical transmission system according to the fifth aspect of the present invention has a simple ar-
rangement as compared with the coherent optical transmission system using the conventional polarization/phase di-
versity optical receiver. The coherent optical transmission systems according to the sixth and seventh aspects of the
present invention have simple arrangements as compared with the conventional coherent optical transmission system
using the image rejection optical receiver. In either of the aspects described above, the number of portions to be
assembled and adjusted can be reduced, and mass production and reductions in cost, size, and weight can be realized.
In addition, in the conventional multi-port reception, the characteristics of the respective ports must be matched with
each other. In the method of the present invention, however, since one receiver is used time-divisionally, no charac-
teristic variation basically occur in reception of different polarization states and different phase states.

According to the present invention, therefore, (1) a polarization switching light source having a simple arrangement
and a small number of limitations can be realized, (2) image rejection signal reception based on new concepts, which
prevents complication of an optical system, can be realized, and (3) coherent optical reception with a simple optical
system, which is independent from polarization and resistant to phase noise, can be achieved. Therefore, the present
invention can solve the problems of polarization matching, phase noise, receiver band width, and high-density optical
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FDM, which interfere with the practical applications and spread of coherent optical communication, at low cost.

Claims

1. A polarization switching light source characterized by comprising:

a semiconductor laser (1) for outputting laser output light;

phase modulation means (2) for supplying a pulse current to said semiconductor laser to subject a phase
modulation of a predetermined cyclic pattern to said semiconductor laser;

branch means (5, 45) for dividing the output light from said semiconductor laser into first and second branch
output light components having substantially the same power,

delay means (6, 44) for delaying the first branch output light component with respect to the second branch
output light component, by a determined amount; and

means (8, 48) for mixing the first branch output light component delayed by said delay means with the second
branch output light component while polarization states thereof are caused to be orthogonal,

wherein a delay time of the first branch output light component with respect to the second branch output light
component is set to be a fraction of an integer of a period of the phase modulation.

2. An optical receiver characterized by comprising:

a local oscillator (100) for dividing a time slot corresponding to a one-bit signal into not less than two sub-time
slots, performing polarization switching by performing phase modulation of a semiconductor laser upon switch-
ing of the sub-time slots;

optical receiving means (104) for receiving a beat component, resulting from interference between signal light
(101) from a transmission light source and output light of said local oscillator (100) which corresponds to each
time slot, as an electrical signal;

detection means (108) for detecting a reception signal in each sub-time slot, and outputting a detection output;
and

means (112) for adding the detection outputs in the respective sub-time slots within the time slot,

wherein said local oscillator includes

a semiconductor laser (41) for outputting laser output light,

phase modulation means (2) for supplying a pulse current to said semiconductor laser to subject a phase
modulation of a predetermined cyclic pattern to said semiconductor laser,

branch means (45) for dividing the output light from said semiconductor laser into first and second branch
output light components having substantially the same power,

delay means (44) for delaying the first branch output light component with respect to the second output light
component, by a predetermined amount, and

means for mixing the first branch output light component delayed by said delay means with the second branch
output light component while polarization states thereof are caused to be orthogonal, and

wherein a delay time of the first branch output light component with respect to the second branch output light
component is set to be a fraction of an integer of a period of the phase modulation.

3. The optical receiver according to claim 2, characterized in that said optical receiving means (104) includes means
for inhibiting signal detection at the instant when a frequency variation accompanying a phase variation of said
local oscillation light appears in an electrical beat signal.

4. The optical receiver according to claim 2, characterized by including AFC means (113) for detecting a difference
between a beat frequency and a preset value thereof and controlling an oscillation frequency of said polarization
switching light source to set the beat frequency to be a predetermined value only when a frequency variation
accompanying a phase variation of the local oscillation light does not appear in a beat signal.

5. An optical receiver comprising:

a local oscillator (120,121) having means for performing phase modulation of a semiconductor laser by sup-
plying a pulse current thereto, said local oscillator performing fixed phase switching between /2 and -n/2 upon
switching of phase sub-time slots obtained by dividing a time slot corresponding to a one-bit signal into not
less than three portions, said phase switching occurring in a fixed pattern which is repeated every bit time slot;
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optical receiving means (124a,124b) for receiving a beat component, resulting from interference between
output light from said local oscillator and signal light from an optical transmitter, as an electrical signal,
delay means (110) for dividing an output from said optical receiver into two output components, and delaying
one output component by a predetermined amount;

a 90° hybrid circuit (126a,126b) for shifting a phase of one of the two output components, one of which is
delayed by said delay means, by 90°, and adding the phase-shifted output component to the other output
component; and

a detector (128a,128b) for detecting an output from said 90° hybrid circuit in each sub-time slot.

The optical receiver according to claim 5,

characterized in that said optical receiving means (124a,124b) includes means for inhibiting signal detection at
the instant when a frequency variation accompanying a phase variation of the output light of said local oscillator
appears in an electrical beat signal.

The optical receiver according to claim 5,

characterized by including AFC means (113) for detecting a difference between a beat frequency and a preset
value thereof and controlling an oscillation frequency of said local oscillator (120,121) to set the beat frequency to
be a predetermined value only when a frequency variation accompanying a phase variation of the output light of
said local oscillator does not appear in a beat signal.

An optical receiver comprising:

a local oscillator (120,121) having a semiconductor laser and phase modulation means for performing phase
modulation of said semiconductor laser by supplying a pulse current thereto, said local oscillator performing
phase switching between n/2 and -n/2 upon switching of phase sub-time slots obtained by dividing a time slot
corresponding to a one-bit signal into not less than two portions, said phase switching occurring in a fixed
pattern which is repeated every bit time slot;

optical receiving means (124a,124b) for receiving a beat component, resulting from interference between
output light from said local oscillator and signal light from an optical transmitter, as an electrical signal,

delay means for dividing an output from said optical receiving means into two output components, and delaying
one output component by a predetermined amount;

a 90° hybrid circuit (126) for shifting a phase of one of the two output components, one of which is delayed
by said delay means, by 90°, and adding the phase-shifted output component to the other output component;
a signal path switching circuit (131) arranged before or after said 90° hybrid circuit; and

a detector (128a,128b) for detecting a signal transmitted through said 90° hybrid circuit (126a,126b) and said
signal path switching circuit,

wherein image rejection signal reception is performed by switching said signal path switching circuit in syn-
chronism with each phase sub-time slot.

The optical receiver according to claim 8,

characterized in that said optical receiving means (124a,124b) includes means for inhibiting signal detection at
the instant when a frequency variation accompanying a phase variation of the output light of said local oscillator
(120,121) appears in an electrical beat signal.

The optical receiver according to claim 8,

characterized by including AFC means (113) for detecting a difference between a beat frequency and a preset
value thereof and controlling an oscillation frequency of said local oscillator (120,121) to set the beat frequency to
be a predetermined value only when a frequency variation accompanying a phase variation of the output light of
said local oscillator does not appear in a beat signal.

A coherent optical transmission system characterized by comprising:

at least one optical transmitter (140) having phase modulation means for performing phase modulation of a
semiconductor laser by supplying a pulse current thereto, said optical transmitter performing phase switching
between n/2 and -n/2 upon switching of phase sub-time slots obtained by dividing a time slot corresponding
to a one-bit signal into not less than two portions, said phase switching occurring in a fixed pattern which is
repeated every bit time slot; and

at least one optical receiver (150) having a polarization switching light source whose polarization switching
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timing is set such that different polarization states appear in the same phase state in one time slot of signal
light, said polarization switching light source serving as a local oscillator (150), optical receiving means (154)
for receiving a beam component, resulting from interference between output light from said local oscillator
(152) and signal light from said optical transmitter (140), as an electrical signal, a detector (155) for detecting
a reception signal of each sub-time slot, and means for adding detection outputs in new phase/polarization
sub-time slots, which are divided at timings of polarization switching and phase switching and have different
polarization and phase states, within a time slot,

wherein said polarization switching light source of said optical receiver (150) includes

a semiconductor laser (1),

phase modulation means (2) for supplying a pulse current to said semiconductor laser to perform phase mod-
ulation of said semiconductor laser,

branch means (5, 45) for dividing the output light from said semiconductor laser into two branch output light
components having substantially the same power;

delay means (6, 44) for delaying one branch output light component with respect to the other branch output
light component by a predetermined amount, and

means (8, 48) for mixing one delayed branch output light component with the other branch output light com-
ponent while polarization states thereof are caused to be orthogonal, and

wherein a delay time of one branch output light component with respect to the other branch output light com-
ponent is set to be a fraction of an integer of a period of the phase modulation.

The coherent optical transmission system according to claim 11, characterized by including means (151) for de-
tecting a clock by detecting a pulse-like frequency variation accompanying phase switching of said optical trans-
mitter (140).

The coherent optical transmission system according to claim 11, characterized by including means for changing
a pulse waveform, a pulse pattern, or a polarity by means of pulse-like frequency modulation for phase switching
performed by said optical transmitter (140) and pulse-like frequency modulation for polarization switching per-
formed by said local oscillator (152) of said optical receiver (150).

The coherent optical transmission system according to claim 11, characterized by including means (151) for iden-
tifying and detecting a pulse-like frequency variation accompanying polarization switching and a pulse-like fre-
quency variation accompanying phase switching, and means for controlling the timing of polarization switching by
using the detected signals.

The coherent optical transmission system according to claim 11, characterized in that said optical receiver (150)
includes means for inhibiting signal detection at the instant when a frequency variation accompanying a phase
variation of one of the signal light and the output light of said local oscillator (152) appears in an electrical beat signal.

The coherent optical transmission system according to claim 11, characterized by including AFC means (161) for
detecting a difference between a beat frequency and a preset value thereof and controlling the oscillation frequency
of said local oscillator (152) to set the beat frequency to be a predetermined value only when a frequency variation
accompanying a phase variation of the output light of said local oscillator (152) does not appear in an electrical
beat signal.

The coherent optical transmission system according to claim 11, characterized by including means (147) for con-
trolling said optical transmitters (140) so as to match all the timings of phase switching of the respective otpical
transmitters (140) with each other in the corresponding optical receivers (150).

A coherent optical transmission system
characterized by comprising:

at least one optical transmitter (140) having phase modulation means for performing phase modulation of a
semiconductor laser by supplying a pulse current thereto, said optical transmitter performing fixed phase
switching between n/2 and -n/2 upon switching of phase sub-time slots obtained by dividing a time slot corre-
sponding to a one-bit signal into not less than three portions, said phase switching occurring in a fixed pattern
which is repeated every bit time slot; and

at least one optical light receiver (150) for performing image removing signal reception, said optical receiver
having an optical receiving unit (204) for receiving a beat component, resulting from interference between
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local oscillation light from a local oscillator (202) and optical signal from said optical transmitter (140), as an
electrical signal, delay means (T/5) for dividing an output from said light receiving unit into two output compo-
nents, and delaying one output component by a predetermined amount, a 90° hybrid circuit (206) for shifting
a phase of one of the two output components, one of which is delayed by said delay means, by 90°, and adding
the phase-shifted output component to the other output component, and a detector (208) for detecting an
output from said 90° hybrid circuit in each sub-time slot.

The coherent optical transmission system according to claim 18, characterized in that said local oscillator (202) is
constituted by a polarization switching light source, and includes means (8, 48) for adding detection outputs having
different polarization states in one time slot.

The coherent optical transmission system according to claim 18, characterized by including means (151) for de-
tecting a clock by detecting a pulse-like frequency variation accompanying phase switching of said optical trans-
mitter (140).

The coherent optical transmission system according to claim 19, characterized by including means for changing
a pulse waveform, a pulse pattern, or a polarity by means of pulse-like frequency modulation for phase switching
performed by said optical transmitter (140) and pulse-like frequency modulation for polarization switching per-
formed by said local oscillator (202) of said optical receiver.

The coherent optical transmission system according to claim 18, characterized by including means (151) for iden-
tifying and detecting a pulse-like frequency variation accompanying polarization switching and a pulse-like fre-
quency variation accompanying phase switching, and means for controlling the timing of polarization switching by
using the detected signals.

The coherent optical transmission system according to claim 18, characterized in that said optical receiver (150)
includes means for inhibiting signal detection at the instant when a frequency variation accompanying a phase
variation of one of the signal light and the output light of said local oscillator (202) appears in an electrical beat signal.

The coherent optical transmission system according to claim 18, characterized by including AFC means (213) for
detecting a difference between a beat frequency and a preset value thereof and controlling the oscillation frequency
of said local oscillator to set the beat frequency to be a predetermined value only when a frequency variation
accompanying a phase variation of the output light of said local oscillator (202) does not appear in an electrical
beat signal.

The coherent optical transmission system according to claim 18, characterized by including means for controlling
said optical transmitters (140) so as to match all the timings of phase switching of the respective optical transmitters
with each other in the corresponding optical receivers (150).

A coherent optical transmission system
characterized by comprising:

at least one optical transmitter (140) having phase modulation means for performing phase modulation of a
semiconductor laser by supplying a pulse current thereto, said optical transmitter performing phase switching
between n/2 and -n/2 upon switching of phase sub-time slots obtained by dividing a time slot corresponding
to a one-bit signal into not less than two portions, said phase switching occurring in a fixed pattern which is
repeated every bit time slot; and

at least one optical receiver (150) having an optical receiving unit (203,204) for receiving a beat component,
resulting from interference between local oscillation from a local oscillator (202) and signal light from said
optical transmitter (140), as an electrical signal, delay means (T/5) for dividing an output from said optical
receiving unit into two output components, and delaying one output component by a predetermined amount,
a 90° hybrid circuit (206) for shifting a phase of one of the two output components, one of which is delayed
by said delay means, by 90°, and adding the phase-shifted output component to the other output component,
a signal path switching circuit (131) arranged before or after said 90° hybrid circuit, and a detector (208) for
detecting a signal transmitted through said 90° hybrid circuit and said signal path switching circuit, said optical
receiver (150) performing image rejection signal reception by switching said signal path switching circuit in
synchronism with each phase sub-time slot of an optical signal generated upon phase switching of said optical
transmitter.
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The coherent optical transmission system according to claim 26, characterized in that said local oscillator (202) is
constituted by a polarization switching light source, and includes means for adding detection outputs having dif-
ferent polarization states in one time slot.

The coherent optical transmission system according to claim 26, characterized by including means (151) for de-
tecting a clock by detecting a pulse-like frequency variation accompanying phase switching of said optical trans-
mitter.

The coherent optical transmission system according to claim 27, characterized by including means for changing
a pulse waveform, a pulse pattern, or a polarity by means of pulse-like frequency modulation for phase switching
performed by said optical transmitter (140) and pulse-like frequency modulation for polarization switching per-
formed by said local oscillator of said optical receiver (150).

The coherent optical transmission system according to claim 26, characterized by including means (151) for iden-
tifying and detecting a pulse-like frequency variation accompanying polarization switching and a pulse-like fre-
quency variation accompanying phase switching, and means for controlling the timing of polarization switching by
using the detected signals.

The coherent optical transmission system according to claim 26, characterized in that said optical receiver (150)
includes means for inhibiting signal detection at the instant when a frequency variation accompanying a phase
variation of one of the signal light and the output light of said local oscillator (202) appears in an electrical beat signal.

The coherent optical transmission system according to claim 26, characterized by including AFC means (213) for
detecting a difference between a beat frequency and a preset value thereof and controlling the oscillation frequency
of said local oscillator (202) to set the beat frequency to be a predetermined value only when a frequency variation
accompanying a phase variation of the output light of said local oscillator (202) does not appear in an electrical
beat signal.

The coherent optical transmission system according to claim 26, characterized by including means (147) for con-
trolling said optical transmitters (140) so as to match all the timings of phase switching of the respective optical
transmitters with each other in the corresponding optical receivers (150).

Patentanspriiche

1.

2.

Polarisationsschaltlichtquelle, gekennzeichnet durch:

einen Halbleiterlaser (1) zum Ausgeben eines Laserausgangslichtes,

eine Phasenmodulationseinrichtung (2) zum Einspeisen eines Impulsstromes in den Halbleiterlaser, um den
Halbleiterlaser einer Phasenmodulation eines vorbestimmten zyklischen Musters zu unterwerfen,

eine Zweigeinrichtung (5, 45) zum Teilen des Ausgangslichtes von dem Halbleiterlaser in erste und zweite
Zweigausgangslichtkomponenten mit im wesentlichen der gleichen Leistung,

eine Verzdgerungseinrichtung (6, 44) zum Verzdgern der ersten Zweigausgangslichtkomponenten bezlglich
der zweiten Zweigausgangslichtkomponenten um einen vorbestimmten Betrag, und

eine Einrichtung (8, 48) zum Mischen der durch die Verzégerungseinrichtung verzégerten ersten Zweigaus-
gangslichtkomponenten mit der zweiten Zweigausgangslichtkomponenten, wéhrend Polarisationszusténde
hiervon verursacht sind, orthogonal zu sein,

wobei eine Verzégerungszeit der ersten Zweigausgangslichtkomponenten bezlglich der zweiten Zweigaus-
gangslichtkomponenten als ein Bruchteil einer ganzen Zahl einer Periode der Phasenmodulation eingestellt
ist.

Optischer Empfanger, gekennzeichnet durch:

einen Empfangsoszillator (100) zum Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht we-
niger als zwei Unterzeitschlitze, wobei ein Polarisationsschalten durch Durchfiihren einer Phasenmodulation
eines Halbleiterlasers nach Schalten der Unterzeitschlitze durchgefiihrt wird,

eine optische Empfangseinrichtung (104) zum Empfangen einer Schwebungskomponenten, die auf einer In-
terferenz zwischen einem Signallicht (101) von einer Ubertragungslichtquelle und einem Ausgangslicht des
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Empfangsoszillators (100) beruht, welche jedem Zeitschlitz entspricht, als ein elektrisches Signal,

eine Erfassungseinrichtung (108) zum Erfassen eines Empfangssignales in jedem Unterzeitschlitz und zum
Ausgeben eines Erfassungsausganges, und

eine Einrichtung (112) zum Addieren der Erfassungsausgange in den jeweiligen Unterzeitschlitzen innerhalb
des Zeitschlitzes,

wobei der Empfangsoszillator aufweist:

einen Halbleiterlaser (41) zum Ausgeben eines Laserausgangslichtes,

eine Phasenmodulationseinrichtung (2) zum Einspeisen eines Impulsstromes in den Halbleiterlaser, um den
Halbleiterlaser einer Phasenmodulation eines vorbestimmten zyklischen Musters zu unterwerfen,

eine Zweigeinrichtung (45) zum Teilen des Ausgangslichtes von dem Halbleiterlaser in erste und zweite Aus-
gangslichtkomponenten mit im wesentlichen der gleichen Leistung,

eine Verzégerungseinrichtung (44) zum Verzégern der ersten Zweigausgangslichtkomponenten bezlglich der
zweiten Ausgangslichtkomponenten um einen vorbestimmten Betrag, und

eine Einrichtung zum Mischen der ersten Zweigausgangslichtkomponenten, die durch die Verzégerungsein-
richtung verzdgert ist, mit der zweiten Zweigausgangslichtkomponenten, wahrend Polarisationszustande hier-
von verursacht sind, orthogonal zu sein,

wobei eine Verzégerungszeit der ersten Zweigausgangslichtkomponenten bezlglich der zweiten Zweigaus-
gangslichtkomponenten als ein Bruchteil einer ganzen Zahl einer Periode der Phasenmodulation eingestellt
ist.

Optischer Empfanger nach Anspruch 2, dadurch gekennzeichnet, daf3 die optische Empfangseinrichtung (104)
eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick, wenn eine Frequenzanderung, die eine
Phasenanderung des Empfangsoszillationslichtes begleitet, in einem elektrischen Schwebungssignal auftritt, um-
faBt.

Optischer Empfanger nach Anspruch 2, gekennzeichnet durch weiterhin eine AFC-Einrichtung (113) zum Erfassen
einer Differenz zwischen einer Schwebungsfrequenz und einem voreingestellten Wert hiervon und zum Steuern
einer Empfangsfrequenz der Polarisationsschaltlichtquelle, um die Schwebungsfrequenz auf einen vorbestimmten
Wert nur einzustellen, wenn eine Frequenzé&nderung, die eine Phasenanderung des Empfangsoszillationslichtes
begleitet, in einem Schwebungssignal nicht in Erscheinung tritt.

Optischer Empfanger mit:

einem Empfangsoszillator (120, 121) mit einer Einrichtung zum Durchflihren einer Phasenmodulation eines
Halbleiterlasers durch Einspeisen eines Impulsstromes dorthin, wobei der Empfangsoszillator ein festes Pha-
senschalten zwischen ©/2 und -n/2 nach einem Schalten von Phasenunterzeitschlitzen durchfihrt, die durch
Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht weniger als drei Teile erhalten sind, wobei
das Phasenschalten in einem festen Muster auftritt, das zu jedem Bit-Zeitschlitz wiederholt wird,

einer optischen Empfangseinrichtung (124a, 124b) zum Empfangen einer Schwebungskomponenten, die auf
einer Interferenz zwischen einem Ausgangslicht von dem Empfangsoszillator und einem Signallicht von einem
optischen Ubertrager oder Sender beruht, als einem elektrischen Signal,

einer Verzégerungseinrichtung (110) zum Teilen eines Ausgangssignales von dem optischen Empfanger in
zwei Ausgangskomponenten und zum Verzégern einer Ausgangskomponenten um einen vorbestimmten Be-
trag,

einer 90°-Hybridschaltung (126a, 126b) zum Verschieben einer Phase von einer der zwei Ausgangskompo-
nenten, wobei eine von diesen durch die Verzégerungseinrichtung um 90° verzdgert ist, und zum Addieren
der phasenverschobenen Ausgangskomponenten zu der anderen Ausgangskomponenten, und

einem Detektor (128a, 128b) zum Erfassen eines Ausgangssignales von der 90°-Hybridschaltung in jedem
Unterzeitschlitz.

Optischer Empfanger nach Anspruch 5, dadurch gekennzeichnet, da3 die optische Empfangseinrichtung (124a,
124b) eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick, wenn eine Frequenzanderung, die
eine Phasenanderung des Ausgangslichtes des Empfangsoszillators begleitet, in einem elekirischen Schwe-
bungssignal auftritt, umfaft.

Optischer Empfanger nach Anspruch 5, gekennzeichnet durch eine AFC-Einrichtung (113) zum Erfassen einer

Differenz zwischen einer Schwebungsfrequenz und einem voreingestellten Wert hiervon und zum Steuern einer
Oszillationsfrequenz des Empfangsoszillators (120, 121), um die Schwebungsfrequenz auf einen vorbestimmten
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Wert nur einzustellen, wenn eine Frequenzanderung, die eine Phasenanderung des Ausgangslichtes des Emp-
fangsoszillators begleitet, in einem Schwebungssignal nicht auftritt.

8. Optischer Empfanger mit:

10.

einem Empfangsoszillator (120, 121) mit einem Halbleiterlaser und einer Phasenmodulationseinrichtung zum
Durchfihren einer Phasenmodulation des Halbleiterlasers durch Einspeisen eines Impulsstromes dorthin, wo-
bei der Empfangsoszillator ein Phasenschalten zwischen n/2 und -n/2 nach Schalten von Phasenunterzeit-
schlitzen durchfihrt, die durch Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht weniger
als zwei Teile erhalten sind, wobei das Phasenschalten in einem festen Muster auftritt, das sich zu jedem Bit-
Zeitschlitz wiederholt,

einer optischen Empfangseinrichtung (124a, 124b) zum Empfangen einer Schwebungskomponenten, die auf
einer Interferenz zwischen einem Ausgangslicht von dem Empfangsoszillator und einem Signallicht von einem
optischen Sender oder Ubertrager beruht, als einem elektrischen Signal,

einer Verzdgerungseinrichtung zum Teilen eines Ausgangssignales von der optischen Empfangseinrichtung
in zwei Ausgangskomponenten und zum Verzégern einer Ausgangskomponenten um einen vorbestimmten
Betrag,

einer 90°-Hybridschaltung (126) zum Verschieben einer Phase von einer der beiden Ausgangskomponenten,
von denen eine durch die Verzégerungseinrichtung verzégert ist, um 90° und zum Addieren der phasenver-
schobenenen Ausgangskomponenten zu der anderen Ausgangskomponenten,

einer Signalpfadschalteinrichtung (131), die vor oder nach der 90°-Hybridschaltung angeordnet ist, und
einem Detektor (128a, 128b) zum Erfassen eines durch die 90°-Hybridschaltung (126a, 126b) und die Signal-
pfadschalterschaltung Ubertragenen Signales,

wobei ein Bildzurlckweisungssignalempfang durch Schalten der Signalpfadschalterschaltung synchron mit
jedem Phasenunterzeitschlitz durchgefiihrt wird.

Optischer Empfanger nach Anspruch 8, dadurch gekennzeichnet, da3 die optische Empfangseinrichtung (124a,
124b) eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick umfaBt, wenn eine Frequenzande-
rung, die eine Phasenanderung des Ausgangslichtes des Empfangsoszillators (120, 121) begleitet, in einem elek-
trischen Schwebungssignal auftritt.

Optischer Empfanger nach Anspruch 8, gekennzeichnet durch eine AFC-Einrichtung (113) zum Erfassen einer
Differenz zwischen einer Schwebungsfrequenz und einem Voreinstellwert hiervon und zum Steuern einer Oszil-
lationsfrequenz des Empfangsoszillators (120, 121), um eine Schwebungsfrequenz auf einen vorbestimmten Wert
nur einzustellen, wenn eine Frequenzanderung, die eine Phasenanderung des Ausgangslichtes des Empfangso-
szillators begleitet, in einem Schwebungssignal nicht auftritt.

11. Koharentes optisches Ubertragungssystem, gekennzeichnet durch:

wenigstens einen optischen Ubertrager oder Sender (140), mit einer Phasenmodulationseinrichtung zum
Durchfihren einer Phasenmodulation eines Halbleiterlasers durch Einspeisen eines Impulsstromes dorthin,
wobei der optische Ubertrager ein Phasenschalten zwischen n/2 und -n/2 nach Schalten von Phasenunter-
zeitschlitzen durchfihrt, die durch Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht weni-
ger als zwei Teile erhalten sind, wobei das Phasenschalten in einem festen Muster auftritt, das sich zu jedem
Bit-Zeitschlitz wiederholt, und

wenigstens einen optischen Empfanger (150) mit einer Polarisationsschaltlichtquelle, deren Polarisations-
schaltzeit derart eingestellt ist, daB verschiedene Polarisationszustande in dem gleichen Phasenzustand in
einem Zeitschlitz des Signallichtes auftreten, wobei die Polarisationsschaltlichtquelle als ein Empfangsoszil-
lator (150) dient, einer optischem Empfangseinrichtung (154) zum Empfangen einer Schwebungskomponen-
ten, die auf einer Interferenz zwischen einem Ausgangslicht von dem Empfangsoszillator (152) und einem
Signallicht von dem optischen Ubertrager (140) beruht, als einem elektrischen Signal, einem Detektor (155)
zum Erfassen eines Empfangssignales von jedem Unterzeitschlitz und einer Einrichtung zum Addieren von
Erfassungsausgangen in neuen Phasen/Polarisations-Unterzeitschlitzen, die zu Zeiten eines Polarisations-
schaltens und eines Phasenschaltens unterteilt sind und verschiedene Polarisations- und Phasenzustande
haben, innerhalb eines Zeitschlitzes,

wobei die Polarisationsschaltlichtquelle des optischen Empféangers (150) aufweist:

einen Halbleiterlaser (1),

eine Phasenmodulationseinrichtung (2) zum Einspeisen eines Impulsstromes in den Halbleiterlaser, um eine
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Phasenmodulation des Halbleiterlasers durchzufiihren,

eine Zweigeinrichtung (5, 45) zum Teilen des Ausgangslichtes von dem Halbleiterlaser in zwei Zweigaus-
gangslichtkomponenten mit im wesentlichen der gleichen Leistung,

eine Verzdgerungseinrichtung (6, 44) zum Verzdgern einer Zweigausgangslichtkomponenten beziglich der
anderen Zweigausgangslichtkomponenten um einen vorbestimmten Betrag und

eine Einrichtung (8, 48) zum Mischen einer verzbégerten Zweigausgangslichtkomponenten mit der anderen
Zweigausgangslichtkomponenten, wéhrend Polarisationszustande hiervon verursacht sind, orthogonal zu
sein,

wobei eine Verzdgerungszeit einer Zweigausgangslichtkomponenten bezlglich der anderen Zweigausgangs-
lichtkomponenten auf einen Bruchteil einer ganzen Zahl einer Periode der Phasenmodulation eingestellt ist.

Kohérentes optisches Ubertragungssystem nach Anspruch 1, gekennzeichnet durch eine Einrichtung (151) zum
Erfassen eines Taktes durch Erfassen einer impulsdhnlichen Frequenzanderung, die ein Phasenschalten des op-
tischen Ubertragers (140) begleitet.

Kohérentes optisches Ubertragungssystem nach Anspruch 11, gekennzeichnet durch eine Einrichtung zum An-
dern einer Impulswellenform, eines Impulsmusters oder einer Polaritat mittels einer impulsdhnlichen Frequenz-
modulation fiir ein Phasenschalten, das durch den optischen Ubertrager (140) durchgefiihrt ist, und einer impuls-
ahnlichen Frequenzmodulation fiir ein Polarisationsschalten, das durch den Empfangsoszillator (152) des opti-
schen Empfangers (150) durchgefiihrt ist.

Kohérentes optisches Ubertragungssystem nach Anspruch 11, gekennzeichnet durch eine Einrichtung (151) zum
Identifizieren und Erfassen einer impulsahnlichen Frequenzanderung, die ein Polarisationsschalten begleitet, und
einer impulsahnlichen Frequenzanderung, die ein Phasenschalten begleitet, und eine Einrichtung zum Steuern
der Zeiten des Polarisationsschaltens mittels der erfa3ten Signale.

Kohérentes optisches Ubertragungssystem nach Anspruch 11, dadurch gekennzeichnet, daB der optische Emp-
fanger (150) eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick umfaBt, wenn eine Frequenz-
anderung, die eine Phasen&nderung in einem Licht aus dem Signallicht und dem Ausgangslicht des Empfangso-
szillators (152) begleitet, in einem elektrischen Schwebungssignal auftritt.

Koharentes optisches Ubertragungssystem nach Anspruch 11, gekennzeichnet durch eine AFC-Einrichtung (161)
zum Erfassen einer Differenz zwischen einer Schwebungsfrequenz und einem Voreinstellwert hiervon und zum
Steuern der Oszillationsfrequenz des Empfangsoszillators (152), um die Schwebungsfrequenz auf einen vorbe-
stimmten Wert nur einzustellen, wenn eine Frequenzanderung, die eine Phasenanderung des Ausgangslichtes
des Empfangsoszillators (152) begleitet, nicht in einem elekirischen Schwebungssignal auftritt.

Kohérentes optisches Ubertragungssystem nach Anspruch 11, gekennzeichnet durch eine Einrichtung (147) zum
Steuern der optischen Ubertrager (140), um allen Zeiten eines Phasenschaltens der jeweiligen optischen Uber-
trager (140) miteinander in den entsprechenden optischen Empfangern (150) angepaft zu sein.

Kohérentes optisches Ubertragungssystem, gekennzeichnet durch:

wenigstens einen optischen Ubertrager (140) mit einer Phasenmodulationseinrichtung zum Durchfiihren einer
Phasenmodulation eines Halbleiterlasers durch Einspeisen eines Impulsstromes dorthin, wobei der optische
Ubertrager ein festes Phasenschalten zwischen n/2 und -7/2 nach Schalten von Phasenunterzeitschlitzen
durchfihrt, die erhalten sind durch Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht we-
niger als drei Teile, wobei das Phasenschalten in einem festen Muster auftritt, das zu jedem Bit-Zeitschlitz
wiederholt wird, und

wenigstens einen optischen Lichtempfanger (150) zum Durchfiihren eines Bildentfernungssignalempfanges,
wobei der optische Empfénger eine optische Empfangseinheit (204) zum Empfangen einer Schwebungskom-
ponenten, die auf einer Interferenz zwischen einem Empfangsoszillationslicht von einem Empfangsoszillator
(202) und einem optischen Signal von dem optischen Ubertrager (140) als einem elekirischen Signal beruht,
eine Verzégerungseinrichtung (T/5) zum Teilen eines Ausgangssignales von der Lichtempfangseinheit in zwei
Ausgangskomponenten und zum Verzégern einer Ausgangskomponenten um einen vorbestimmten Betrag,
eine 90°-Hybridschaltung (206) zum Verschieben einer Phase von einer der beiden Ausgangskomponenten,
von denen eine durch die Verzégerungseinrichtung verzégert ist, um 90° und zum Addieren der phasenver-
schobenen Ausgangskomponenten zu der anderen Ausgangskomponenten und einen Detektor (208) zum
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Erfassen eines Ausgangssignales von der 90°-Hybridschaltung in jedem Unterzeitschlitz hat.

Kohérentes optisches Ubertragungssystem nach Anspruch 18, dadurch gekennzeichnet, daB der Empfangsoszil-
lator (202) durch eine Polarisationsschaltlichtquelle gebildet ist und eine Einrichtung (8, 48) umfaBt, um Erfas-
sungsausgangssignale mit verschiedenen Polarisationszustanden in einem Zeitschlitz zu addieren.

Kohérentes optisches Ubertragungssystem nach Anspruch 18, gekennzeichnet durch eine Einrichtung (151) zum
Erfassen eines Taktes durch Erfassen einer impulsdhnlichen Frequenzanderung, die ein Phasenschalten des op-
tischen Ubertragers (140) begleitet.

Kohérentes optisches Ubertragungssystem nach Anspruch 19, gekennzeichnet durch eine Einrichtung zum An-
dern einer Impulswellenform, eines Impulsmusters oder einer Polaritat mittels einer impulsdhnlichen Frequenz-
modulation fiir ein Phasenschalten, das durch den optischen Ubertrager (140) durchgefiihrt ist, und einer impuls-
ahnlichen Frequenzmodulation fiir ein Polarisationsschalten, das durch den Empfangsoszillator (202) des opti-
schen Empfangers durchgefiihrt ist.

Kohérentes optisches Ubertragungssystem nach Anspruch 18, gekennzeichnet durch eine Einrichtung (151) zum
Identifizieren und Erfassen einer impulsahnlichen Frequenzanderung, die ein Polarisationsschalten begleitet, und
einer impulsahnlichen Frequenzanderung, die ein Phasenschalten begleitet, und eine Einrichtung zum Steuern
der Zeiten des Polarisationsschaltens mittels der erfa3ten Signale.

Kohérentes optisches Ubertragungssystem nach Anspruch 18, dadurch gekennzeichnet, daB der optische Emp-
fanger (150) eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick umfaBt, wenn eine Frequenz-
anderung, die eine Phasenanderung von einem Licht aus dem Signallicht und dem Ausgangslicht des Empfangs-
oszillators (202) begleitet, in einem elekirischen Schwebungssignal auftritt.

Koharentes optisches Ubertragungssystem nach Anspruch 18, gekennzeichnet durch eine AFC-Einrichtung (213)
zum Erfassen einer Differenz zwischen einer Schwebungsfrequenz und einem voreingestellten Wert hiervon und
zum Steuern der Oszillationsfrequenz des Empfangsoszillators, um die Schwebungsfrequenz auf einen vorbe-
stimmten Wert nur einzustellen, wenn eine Frequenzanderung, die eine Phasenanderung des Ausgangslichtes
des Empfangsoszillators (202) begleitet, nicht in einem elekirischen Schwebungssignal auftritt.

Koharentes optisches Ubertragungssystem nach Anspruch 18, gekennzeichnet durch eine Einrichtung zum Steu-
ern der optischen Ubertrager (140), um alle Zeiten eines Phasenschaltens der jeweiligen optischen Ubertrager
miteinander in den entsprechenden optischen Empfangern (150) anzupassen.

Kohérentes optisches Ubertragungssystem, gekennzeichnet durch:

Wenigstens einen optischen Ubertrager oder Sender (140) mit einer Phasenmodulationseinrichtung zum
Durchfihren einer Phasenmodulation eines Halbleiterlasers durch Einspeisen eines Impulsstromes dorthin,
wobei der optische Ubertrager ein Phasenschalten zwischen 7/2 und -n/2 nach einem Schalten von Phasen-
unterzeitschlitzen durchfihrt, die durch Teilen eines Zeitschlitzes entsprechend einem Ein-Bit-Signal in nicht
weniger als zwei Teile erhalten sind, wobei das Phasenschalten in einem festen Muster auftritt, das zu jedem
Bit-Zeitschlitz wiederholt wird, und

wenigstens einen optischen Empfanger (150) mit einer optischen Empfangseinheit (203, 204) zum Empfangen
einer Schwebungskomponenten, die auf einer Interferenz zwischen einer Empfangsoszillation von einem
Empfangsoszillator (202) und einem Signallicht von dem optischen Ubertrager (140) beruht, als einem elek-
trischen Signal, einer Verzégerungseinrichtung (T/5) zum Teilen eines Ausgangssignales von der optischen
Empfangseinheit in zwei Ausgangskomponenten und zum Verzégern einer Ausgangskomponenten um einen
vorbestimmten Betrag, einer 90°-Hybridschaltung (206) zum Verschieben einer Phase von einer der beiden
Ausgangskomponenten, von denen eine durch die Verzégerungseinrichtung um 90° verzdgert ist, und zum
Addieren der phasenverschobenen Ausgangskomponenten zu der anderen Ausgangskomponenten, einer
Signalpfadschalterschaltung (131), die vor oder nach der 90°-Hybridschaltung angeordnet ist, und einem De-
tektor (208) zum Erfassen eines durch die 90°-Hybridschaltung und die Signalpfadschalterschaltung libertra-
genen Signales, wobei der optische Empfanger (150) einen Bildzurilickweisungssignalempfang durch Schalten
der Signalpfadschalterschaltung synchron mit jedem Phasenunterzeitschlitz eines optischen Signales durch-
fiihrt, das nach einem Phasenschalten des optischen Ubertragers erzeugt ist.
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Koharentes optisches Ubertragungssystem nach Anspruch 26, dadurch gekennzeichnet, daB der Empfangsoszil-
lator (202) durch eine Polarisationsschaltlichtquelle gebildet ist und eine Einrichtung zum Addieren von Erfas-
sungsausgangen mit verschiedenen Polarisationszustanden in einem Zeitschlitz umfaft.

Koharentes optisches Ubertragungssystem nach Anspruch 26, gekennzeichnet durch eine Einrichtung (151) zum
Erfassen eines Taktes durch Erfassen einer impulsahnlichen Frequenzanderung, die ein Phasenschalten des op-
tischen Ubertragers begleitet.

Koharentes optisches Ubertragungssystem nach Anspruch 27, gekennzeichnet durch eine Einrichtung zum An-
dern einer Impulswellenform, eines Impulsmusters oder einer Polaritat mittels einer impulsdhnlichen Frequenz-
modulation fiir ein Phasenschalten, das durch den optischen Ubertrager (140) durchgefiihrt ist, und einer impuls-
ahnlichen Frequenzmodulation fir ein Polarisationsschalten, das durch den Empfangsoszillator des optischen
Empfangers (150) durchgefiihrt ist.

Koharentes optisches Ubertragungssystem nach Anspruch 26, gekennzeichnet durch eine Einrichtung (151) zum
Identifizieren und Erfassen einer impulsahnlichen Frequenzanderung, die ein Polarisationsschalten begleitet, und
einer impulsahnlichen Frequenzanderung, die ein Phasenschalten begleitet, und eine Einrichtung zum Steuern
der Zeiten des Polarisationsschaltens mittels der erfaB3ten Signale.

Koharentes optisches Ubertragungssystem nach Anspruch 26, dadurch gekennzeichnet, daB der optische Emp-
fanger (150) eine Einrichtung zum Sperren einer Signalerfassung in dem Augenblick umfaBt, wenn eine Frequenz-
anderung, die eine Phasenanderung von einem Licht aus dem Signallicht und dem Ausgangslicht des Empfangs-
oszillators (202) begleitet, in einem elekirischen Schwebungssignal auftritt.

Koharentes optisches Ubertragungssystem nach Anspruch 26, gekennzeichnet durch eine AFC-Einrichtung (213)
zum Erfassen einer Differenz zwischen einer Schwebungsfrequenz und einem voreingestellten Wert hiervon und
zum Steuern der Oszillationsfrequenz des Empfangsoszillators (202), um die Schwebungsfrequenz auf einen vor-
bestimmten Wert nur einzustellen, wenn eine Frequenzanderung, die eine Phasenanderung des Ausgangslichtes
des Empfangsoszillators (202) begleitet, in einem elekirischen Schwebungssignal nicht auftritt.

Koharentes optisches Ubertragungssystem nach Anspruch 26, gekennzeichnet durch eine Einrichtung (147) zum
Steuern der optischen Ubertrager (140), um alle Zeiten eines Phasenschaltens der jeweiligen optischen Ubertrager
miteinander in entsprechenden optischen Empfangern (150) anzupassen.

Revendications

1.

2.

Source lumineuse & commutation de polarisation, caractérisée en ce qu'elle comprend :

un laser a semi-conducteur (1) destiné a transmettre une lumiére laser de sortie,

un dispositif (2) de modulation de phase destiné a transmettre un courant pulsé au laser & semi-conducteur
de maniére qu'il fasse subir une modulation de phase avec un diagramme cyclique prédéterminé au laser a
semi-conducteur,

un dispositif (5, 45) de dérivation destiné a diviser la lumiére de sortie du laser a semi-conducteur en une
premiére et une seconde composante lumineuse de sortie de dérivation ayant pratiquement la méme puis-
sance,

un dispositif a retard (6, 44) destiné a retarder la premiére composante lumineuse de sortie de dérivation par
rapport a la seconde, d'une amplitude déterminée, et

un dispositif (8, 48) destiné & mélanger la premiére composante retardée par le dispositif a retard a la seconde
composante alors que leurs états de polarisation sont mis sous forme orthogonale,

dans laquelle le temps de retard de la premiére composante lumineuse de sortie de dérivation par rapport a
la seconde est réglé afin qu'il soit égal a une fraction d'un nombre entier de périodes de la modulation de phase.

Récepteur optique, caractérisé en ce qu'il comprend :
un oscillateur local (100) destiné a diviser une tranche temporelle correspondant a un signal d'un bit en au

moins deux tranches temporelles secondaires, et a exécuter une commutation de polarisation par modulation
de phase d'un laser & semi-conducteur lors de la commutation des tranches temporelles secondaires,
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un dispositif (104) de réception optique d'une composante de battement résultant des interférences entre la
lumiére (120) du signal d'une source de lumiére de transmission et la lumiére d'un oscillateur local (100) qui
correspond & chaque tranche temporelle, sous forme d'un signal électrique,

un dispositif (108) de détection d'un signal de réception dans chaque tranche temporelle secondaire et de
transmission d'un signal de sortie de détection, et

un dispositif (112) d'addition des signaux de sortie de détection des tranches temporelles secondaires res-
pectives contenues dans la tranche temporelle,

et l'oscillateur local comprend

un laser & semi-conducteur (41) destiné a transmettre une lumiére laser de sortie,

un dispositif (2) de modulation de phase destiné a transmettre un courant pulsé au laser & semi-conducteur
pour appliquer une modulation de phase avec un diagramme cyclique prédéterminé au laser a semi-conduc-
teur,

un dispositif (45) de dérivation destiné a diviser lalumiére de sortie du laser & semi-conducteur en une premiére
et une seconde composante lumineuse de sortie de dérivation ayant pratiquement la méme puissance,

un dispositif a retard (44) destiné a retarder la premiére composante lumineuse de sortie de dérivation par
rapport a la seconde, d'une amplitude prédéterminée, et

un dispositif de mélange de la premiére composante lumineuse de sortie de dérivation retardée par le dispositif
aretard & la seconde composante lumineuse de sortie de dérivation alors que leurs états de polarisation sont
mis sous forme orthogonale, et

le temps de retard de la premiére composante lumineuse de sortie de dérivation par rapport & la seconde
composante lumineuse de sortie de dérivation est réglé afin qu'il soit formé d'une fraction d'un nombre entier
de périodes de modulation de phase.

Récepteur optique selon la revendication 2, caractérisé en ce que le dispositif (104) de réception optique comporte
un dispositif destiné a inhiber la détection du signal au moment ou la variation de fréquence accompagnant une
variation de phase de la lumiére d'oscillation locale apparait dans un signal électrique de battement.

Récepteur optique selon la revendication 2, caractérisé en ce qu'il comprend un dispositif AFC (113) destiné a
détecter une différence entre une fréquence de battement et une valeur préréglée de celle-ci et a régler une
fréquence d'oscillation de la source lumineuse de commutation de polarisation de maniére que la fréquence de
battement soit placée a une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant
une variation de phase de la lumiére de l'oscillateur local n'apparait pas dans un signal de battement.

Récepteur optique, comprenant :

un oscillateur local (120, 121) comprenant un dispositif destiné a exécuter une modulation de phase d'un laser
a semi-conducteur par transmission d'un courant pulsé a celui-ci, I'oscillateur local exécutant une commutation
fixe de phase entre n/2 et -n/2 lors de la commutation de tranches temporelles secondaires de phase obtenues
par division d'une tranche temporelle correspondant a un signal d'un bit en au moins trois parties, la commu-
tation de phase se produisant avec un diagramme fixe qui est répété a chaque tranche temporelle de bit,

un dispositif (124a, 124b) de réception optique destiné a recevoir une composante de battement résultant des
interférences entre une lumiére de sortie de l'oscillateur local et une lumiére d'un signal d'un transmetteur
optique, sous forme d'un signal électrique,

un dispositif & retard (110) destiné a diviser un signal de sortie du récepteur optique en deux composantes de
sortie, et & retarder l'une des composantes de sortie d'une amplitude prédéterminée,

un circuit hybride a 90° (126a, 126b) destiné a déphaser l'une des deux composantes de sortie, I'une d'elles
étant retardée par le dispositif & retard de 90°, et & ajouter la composante déphasée de sortie a l'autre com-
posante de sortie, et

un détecteur (128a, 128b) destiné a détecter un signal de sortie du circuit hybride & 90° dans chaque tranche
temporelle secondaire.

6. Récepteur optique selon la revendication 5, caractérisé en ce que le dispositif de réception optique (124a, 124b)

comporte un dispositif destiné a inhiber la détection du signal au moment ou une variation de fréquence accom-
pagnant une variation de phase de la lumiére de sortie de 'oscillateur local apparait dans un signal électrique de
battement.

Récepteur optique selon la revendication 5, caractérisé en ce qu'il comprend un dispositif AFC (113) destiné a
détecter une différence entre une fréquence de battement et une valeur préréglée de celle-ci, et & commander
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une fréquence d'oscillation de l'oscillateur local (120, 121) de maniére que la fréquence de battement soit réglée
a une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant une variation de phase
de la lumiére de sortie de l'oscillateur local n'apparait pas dans un signal de battement.

Récepteur optique comprenant :

un oscillateur local (120, 121) ayant un laser a semi-conducteur et un dispositif de modulation de phase destiné
a assurer la modulation de phase du laser a semi-conducteur par transmission d'un courant pulsé a celui-ci,
l'oscillateur local assurant la commutation de phase entre n/2 et -n/2 lors de la commutation de tranches
temporelles secondaires de phase obtenues par division d'une tranche temporelle correspondant a un signal
d'un bit en au moins deux parties, la commutation de phase se produisant avec un diagramme fixe qui est
répété a chaque tranche temporelle de bit,

un dispositif (124a, 124b) de réception optique destiné a recevoir une composante de battement résultant des
interférences de la lumiére de sortie de l'oscillateur local et de la lumiére de signalisation d'un transmetteur
optique, sous forme d'un signal électrique,

un dispositif & retard destiné & diviser un signal de sortie du dispositif de réception optique en deux compo-
santes de sortie, et a retarder une premiére composante de sortie d'une amplitude prédéterminée,

un circuit hybride & 90° (126) destiné a déphaser I'une des deux composantes de sortie, I'une des composantes
étant retardée de 90° par le dispositif & retard, et a ajouter la composante déphasée de sortie a l'autre com-
posante de sortie,

un circuit (131) de commutation du trajet des signaux placé avant ou aprés le circuit hybride & 90°, et un
détecteur (128a, 128b) destiné a détecter un signal transmis par le circuit hybride a 90° (126a, 126b) et le
circuit de commutation du trajet des signaux,

si bien que la réception des signaux avec réjection d'image est réalisée par commutation du circuit de com-
mutation de trajet des signaux en synchronisme avec chaque tranche temporelle secondaire de phase.

Récepteur optique selon la revendication 8, caractérisé en ce que le dispositif de réception optique (124a, 124b)
comprend un dispositif destiné a inhiber la détection des signaux a l'instant ou une variation de fréquence accom-
pagnant une variation de phase de la lumiére de sortie de l'oscillateur local (120, 121) apparait dans un signal
électrique de battement.

Récepteur optique selon la revendication 8, caractérisé en ce qu'il comprend un dispositif AFC (113) destiné a
détecter une différence entre une fréquence de battement et une valeur préréglée de cette fréquence et a régler
une fréquence d'oscillation de l'oscillateur local (120, 121) de maniére que la fréquence de battement soit réglée
a une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant une variation de phase
de la lumiére de sortie de l'oscillateur local n'apparait pas dans un signal de battement.

Systéme de transmission optique cohérente, caractérisé en ce qu'il comprend:

au moins un transmetteur optique (140) ayant un dispositif de modulation de phase destiné a effectuer une
modulation de phase d'un laser & semi-conducteur par transmission d'un courant pulsé a celui-ci, le transmet-
teur optique effectuant une commutation de phase entre n/2 et -n/2 lors de la commutation de tranches tem-
porelles secondaires de phase obtenues par division d'une tranche temporelle correspondant a un signal d'un
bit en au moins deux parties, la commutation de phase se produisant avec un diagramme fixe qui est répété
a chaque tranche temporelle de bit, et

au moins un récepteur optique (150) ayant une source de lumiére de commutation de polarisation dont le
moment de commutation de la polarisation est réglé afin que des états différents de polarisation apparaissent
avec le méme état de phase dans une tranche temporelle de la lumiére de signalisation, la source de lumiére
de commutation de polarisation étant utilisée comme oscillateur local (150), un dispositif de réception optique
(154) destiné a recevoir une composante d'un faisceau résultant d'interférences entre la lumiére de sortie de
l'oscillateur local (152) et la lumiére de signalisation du transmetteur optique (140), sous forme d'un signal
électrique, un détecteur (155) destiné a détecter un signal de réception de chaque tranche temporelle secon-
daire, et un dispositif destiné a ajouter les signaux de sortie de détection dans de nouvelles tranches tempo-
relles secondaires de phase-polarisation qui sont divisées au moment de commutation de la polarisation et
de la commutation de phase et ont des états différents de polarisation et de phase dans une tranche temporelle,
dans lequel la source de lumiére de commutation de polarisation du récepteur optique (150) comporte :

un laser & semi-conducteur (1),

un dispositif (2) de modulation de phase destiné a transmettre un courant pulsé au laser & semi-conducteur
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pour l'exécution de la modulation de phase du laser & semi-conducteur,

un dispositif (5, 45) de dérivation destiné a diviser le signal de sortie du laser & semi-conducteur en deux
composantes lumineuses de sortie de dérivation ayant pratiquement la méme puissance,

un dispositif & retard (6, 44) destiné a retarder une composante lumineuse de sortie de dérivation par rapport
a l'autre composante lumineuse d'une amplitude prédéterminée, et

un dispositif (8, 48) de mélange d'une composante lumineuse retardée de sortie de dérivation a l'autre com-
posante lumineuse alors que les états de polarisation des composantes sont mis sous forme orthogonale, et
le retard d'une composante lumineuse de sortie de dérivation par rapport a l'autre composante lumineuse est
réglé a une fraction d'un nombre entier de périodes de modulation de phase.

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce qu'il comprend un dispositif
(151) de détection d'une horloge par détection d'une variation de fréquence analogue a des impulsions, accom-
pagnant la commutation de phase du transmetteur optique (140).

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce qu'il comprend un dispositif
destiné a changer une forme d'onde pulsée, un dessin d'impulsion ou une polarité a l'aide d'une modulation de
fréquence analogue a des impulsions pour la commutation de phase réalisée par le transmetteur optique (140) et
la modulation de fréquence analogue a des impulsions pour la commutation de polarisation effectuée par l'oscilla-
teur local (152) du récepteur optique (150).

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce qu'il comprend un dispositif
(151) d'identification et de détection d'une variation de fréquence analogue a des impulsions accompagnant une
commutation de polarisation et une variation de fréquence analogue & des impulsions accompagnant une com-
mutation de phase, et un dispositif de commande de la synchronisation de la commutation de polarisation a l'aide
des signaux détectés.

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce que le récepteur optique
(150) comporte un dispositif destiné a inhiber la détection des signaux au moment ol une variation de fréquence
accompagnant une variation de phase de |'une des lumiéres de signalisation et de sortie de 'oscillateur local (152)
apparait dans un signal électrique de battement.

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce qu'il comprend un dispositif
AFC (161) destiné a détecter une différence entre une fréquence de battement et une valeur préréglée de celle-
ci et & régler la fréquence d'oscillation de l'oscillateur local (152) afin que la fréquence de battement soit mise a
une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant une variation de phase
de la lumiére de sortie de l'oscillateur local (152) n'apparait pas dans un signal électrique de battement.

Systéme de transmission optique cohérente selon la revendication 11, caractérisé en ce qu'il comprend un dispositif
(147) de commande de transmetteurs optiques (140) afin que toutes les synchronisations de commutation de
phase des transmetteurs optiques respectifs (140) soient commandées mutuellement dans les récepteurs optiques
correspondants (150).

Systéme de transmission optique cohérente, caractérisé en ce qu'il comprend:

au moins un transmetteur optique (140) ayant un dispositif de modulation de phase destiné a exécuter une
modulation de phase d'un laser & semi-conducteur par transmission d'un courant pulsé au laser, le transmet-
teur optique effectuant une commutation fixe de phase entre n/2 et -n/2 lors de la commutation des tranches
temporelles secondaires de phase obtenues par division d'une tranche temporelle correspondant a un signal
d'un bit en au moins trois parties, la commutation de phase se produisant avec un diagramme fixe qui est
répété a chaque tranche temporelle de bit, et

au moins un récepteur optique de lumiére (150) destiné & exécuter une réception de signaux avec suppression
d'image, le récepteur optique ayant une unité de réception optique (204) destinée a recevoir une composante
de battement, résultant d'interférences entre de la lumiére d'oscillation locale d'un oscillateur local (202) et un
signal optique du transmetteur optique (140), sous forme d'un signal électrique, un dispositif a retard (T/5)
destiné a diviser un signal de sortie de 'unité de réception de lumiére en deux composantes de sortie et &
retarder une premiére composante de sortie d'une amplitude prédéterminée, un circuit hybride a 90° (206)
destiné a déphaser l'une des deux composantes de sortie, I'une des composantes étant retardée de 90° par
le dispositif & retard, et a additionner la composante déphasée de sortie & I'autre composante de sortie, et un
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détecteur (208) destiné a détecter un signal de sortie du circuit hybride & 90° dans chaque tranche temporelle
secondaire.

Systéme de transmission optique cohérente selon la revendication 8, caractérisé en ce que l'oscillateur local (202)
est constitué d'une source lumineuse de commutation de polarisation, et comporte un dispositif (8, 48) d'addition
de signaux de sortie de détection ayant des états différents de polarisation dans une seule tranche temporelle.

Systéme de transmission optique cohérente selon la revendication 18, caractérisé en ce qu'il comprend un dis-
positif (151) de détection d'une horloge par détection d'une variation de fréquence analogue & des impulsions
accompagnant la commutation de phase du transmetteur optique (140).

Systéme de transmission optique cohérente selon la revendication 19, caractérisé en ce qu'il comprend un dis-
positif destiné & changer une forme d'onde pulsée, un dessin d'impulsions ou une polarité a l'aide d'une modulation
de fréquence analogue a des impulsions pour la commutation de phase réalisée par le transmetteur optique (140)
et une modulation de fréquence analogue a des impulsions pour la commutation de polarisation réalisée par 'os-
cillateur local (202) du récepteur optique.

Systéme de transmission optique cohérente selon la revendication 18, caractérisé en ce qu'il comprend un dis-
positif (151) d'identification et de détection d'une variation de fréquence analogue a des impulsions qui accompa-
gne la commutation de polarisation et une variation de fréquence analogue a des impulsions qui accompagne une
commutation de phase, et un dispositif de commande de la synchronisation de la commutation de polarisation par
utilisation des signaux détectés.

Systéme de transmission optique cohérente selon la revendication 18, caractérisé en ce que le récepteur optique
(150) comporte un dispositif destiné a inhiber la détection des signaux au moment ol une variation de fréquence
accompagnant une variation de phase de |'une des lumiéres de signalisation et de sortie de 'oscillateur local (202)
apparait dans un signal électrique de battement.

Systéme de transmission optique cohérente selon la revendication 18, caractérisé en ce qu'il comprend un dis-
positif AFC (213) destiné a détecter une différence entre une fréquence de battement et une valeur préréglée de
celle-ci et & commander la fréquence d'oscillation de l'oscillateur local de maniére que la fréquence de battement
soit réglée & une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant la variation
de phase de la lumiére de sortie de l'oscillateur local (202) n'apparait pas dans un signal électrique de battement.

Systéme de transmission optique cohérente selon la revendication 18, caractérisé en ce qu'il comprend un dis-
positif de commande des transmetteurs optiques (140) afin que toutes les synchronisations de commutation de
phase des transmetteurs optiques respectifs soient adaptées les unes aux autres dans les récepteurs optiques
correspondants (150).

Systéme de transmission optique cohérente, caractérisé en ce qu'il comprend:

au moins un transmetteur optique (140) ayant un dispositif de modulation de phase destiné a exécuter une
modulation de phase d'un laser & semi-conducteur par transmission d'un courant pulsé a celui-ci, le transmet-
teur optique effectuant une commutation de phase entre n/2 et -n/2 lors de la commutation de tranches tem-
porelles secondaires de phase obtenues par division d'une tranche temporelle correspondant a un signal d'un
bit en au moins deux parties, la commutation de phase se produisant avec un diagramme fixe qui est répété
a chaque tranche temporelle de bit, et

au moins un récepteur optique (150) ayant une unité (203, 204) de réception optique destinée a recevoir une
composante de battement résultant d'interférences entre une oscillation locale d'un oscillateur local (202) et
une lumiére de signalisation du transmetteur optique (140), sous forme d'un signal électrique, un dispositif &
retard (T/5) destiné & diviser un signal de sortie de |'unité de réception optique en deux composantes de sortie,
et & retarder une composante de sortie d'une amplitude prédéterminée, un circuit hybride & 90° (206) destiné
a déphaser l'une des deux composantes de sortie dont l'une est retardée de 90° par le dispositif a retard, et
a ajouter la composante déphasée de sortie a l'autre composante de sortie, un circuit (131) de commutation
de trajet de signaux placé avant ou aprés le circuit hybride & 90°, et un détecteur (208) destiné & détecter un
signaltransmis par le circuit hybride & 90° et le circuit de commutation de trajet de signaux, le récepteur optique
(150) effectuant une réception de signaux avec réjection d'image par commutation du circuit de commutation
de trajet de signaux en synchronisme avec chaque tranche temporelle secondaire de phase d'un signal optique
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créé lors de la commutation de phase du transmetteur optique.

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce que l'oscillateur local
(202) est constitué d'une source lumineuse a commutation de polarisation, et comporte un dispositif destiné a
ajouter les signaux de sortie de détection ayant des états différents de polarisation dans une seule tranche tem-
porelle.

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce qu'il comporte un dispositif
(151) de détection d'une horloge par détection d'une variation de fréquence analogue & des impulsions qui ac-
compagne la commutation de phase du transmetteur optique.

Systéme de transmission optique cohérente selon la revendication 27, caractérisé en ce qu'il comprend un dis-
positif destiné & changer une forme d'onde d'impulsions, un dessin d'impulsions ou une polarité a l'aide d'une
modulation de fréquence analogue a des impulsions pour la commutation de phase réalisée par le transmetteur
optique (140) et d'une modulation de fréquence analogue a des impulsions pour la commutation de polarisation
exécutée par l'oscillateur local du récepteur optique (150).

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce qu'il comporte un dispositif
(151) d'identification et de détection d'une variation de fréquence analogue a des impulsions accompagnant la
commutation de polarisation et une variation de fréquence analogue & des impulsions accompagnant une com-
mutation de phase, et un dispositif de commande de la synchronisation de la commutation de polarisation par
utilisation des signaux détectés.

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce que le récepteur optique
(150) comporte un dispositif destiné a inhiber la détection des signaux au moment ol une variation de fréquence
accompagnant une variation de phase de |'une des lumiéres de signalisation et de sortie de 'oscillateur local (202)
apparait dans un signal électrique de battement.

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce qu'il comprend un dis-
positif AFC (213) destiné a détecter une différence entre une fréquence de battement et une valeur préréglée de
celle-ci et & commander la fréquence d'oscillation de l'oscillateur local (202) de maniére que la fréquence de
battement soit réglée a une valeur prédéterminée uniquement lorsqu'une variation de fréquence accompagnant
une variation de phase de la lumiére de sortie de 'oscillateur local (202) n'apparait pas dans un signal électrique
de battement.

Systéme de transmission optique cohérente selon la revendication 26, caractérisé en ce qu'il comprend un dis-
positif (147) de commande des transmetteurs optiques (140) afin que toutes les synchronisations de commutation
de phase des transmetteurs optiques respectifs soient adaptées mutuellement dans les récepteurs optiques cor-
respondants (150).
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